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
$EVWUDFW² (OHFWULFDO SURSXOVLRQ KDV EHHQ LGHQWLILHG DV D NH\ HQDEOHU RI JUHHQHU TXLHWHU PRUH HIILFLHQW DLUFUDIW +RZHYHU
HOHFWULFDOSURSXOVLRQDLUFUDIWZLOOQHHGWRGHPRQVWUDWHDOHYHORIVDIHW\DQGUHOLDELOLW\DWOHDVWHTXDOWRFXUUHQWDLUFUDIWWREHDYLDEOH
DOWHUQDWLYH7KHUHIRUHDUREXVWDQGUHOLDEOHIDXOWPDQDJHPHQWV\VWHPLVQHHGHGWRSUHYHQWHOHFWULFDOIDXOWVFDXVLQJORVVRISURSXOVLRQ
DQGFULWLFDO IOLJKWIXQFWLRQV7RGDWH IDXOWPDQDJHPHQWRIWKHHOHFWULFDOSURSXOVLRQV\VWHPKDVQRWEHHQFRQVLGHUHG LQGHWDLOIRU
IXWXUHHOHFWULFDOSURSXOVLRQDLUFUDIWQRUKDVLWEHHQHIIHFWLYHO\LQWHJUDWHGLQWRWKHHOHFWULFDODUFKLWHFWXUHGHVLJQ7KLVSRVHVDULVN
WKDW WKH SURSRVHG HOHFWULFDO DUFKLWHFWXUHV ZLOO EH LQIHDVLEOH IURP D IDXOW PDQDJHPHQW SHUVSHFWLYH DQG NH\ IDXOW PDQDJHPHQW
WHFKQRORJLHVPD\QRWEHVXIILFLHQWO\GHYHORSHG7KHUHIRUHDPHWKRGRORJ\WRLQFRUSRUDWHIDXOWPDQDJHPHQWLQWRWKHHDUO\VWDJHVRI
GHVLJQRIHOHFWULFDODUFKLWHFWXUHVLVUHTXLUHGWRGHWHUPLQHYLDEOHIDXOWPDQDJHPHQWVROXWLRQVIRUDJLYHQHOHFWULFDOSURSXOVLRQDLUFUDIW
FRQFHSW7KLVSDSHUGHVFULEHVDQRYHOV\VWHPVOHYHOHOHFWULFDODUFKLWHFWXUHGHVLJQIUDPHZRUNIRUHOHFWULFDOSURSXOVLRQDLUFUDIWZKLFK
LQFRUSRUDWHV IDXOW PDQDJHPHQW IURP WKH RXWVHW 7KLV PHWKRGRORJ\ FDSWXUHV WKH VLJQLILFDQW DVVXPSWLRQV LQ WKH GHVLJQ DQG
DFNQRZOHGJHV WKH QRYHO LQWHUIDFHV ZKLFK H[LVW EHWZHHQ WKH HOHFWULFDO FRQFHSWXDO DQG IDXOW PDQDJHPHQW GHVLJQ RI HOHFWULFDO
SURSXOVLRQDLUFUDIW

,QGH[7HUPV²IDXOWPDQDJHPHQWHOHFWULFDOSURSXOVLRQDLUFUDIWHOHFWULFDODUFKLWHFWXUHSURWHFWLRQ

, ,1752'8&7,21
/(&75,&$/SURSXOVLRQKDVEHHQSUHVHQWHGDVDSRVVLEOHVROXWLRQWRUHGXFHDLUFUDIWQRLVHDQGHPLVVLRQVDQGWRRIIVHW
WKHHQYLURQPHQWDOLPSDFWRIDFRQWLQXHGDQQXDOLQFUHDVHLQJOREDOOHYHOVRIDLUWUDYHO>@)RFXVVRIDUKDVEHHQJLYHQ
WR WKH GHYHORSPHQW RI DLUFUDIW FRQFHSWXDO GHVLJQV DQG XQGHUSLQQLQJ HOHFWULFDO WHFKQRORJLHV ZLWK WKH FDSDFLW\ WR PHHW WKH
DPELWLRXVSHUIRUPDQFH WDUJHWV VHWE\1$6$>@DQG WKH(8>@7RGDWHSHUIRUPDQFH URDGPDSV IRU WKHGHYHORSPHQWRI
HOHFWULFDOPDFKLQHVSRZHUFRQYHUWHUVFDEOHVDQGHQHUJ\VWRUDJHKDYHEHHQSURSRVHGDVLWLVFOHDUWKDWWKHYLDELOLW\RIIXWXUH
DLUFUDIWHOHFWULFDOSURSXOVLRQZLOOGHSHQGODUJHO\RQWKHVHWHFKQRORJLHV>@
+RZHYHUWKHDXWKRUVDUJXHWKDWDVPXVWDOZD\VEHWKHFDVHVDIHW\ZLOOUHPDLQDQREYLRXVDQGFULWLFDOGULYHURIWKHGHVLJQ
RIDLUFUDIWHOHFWULFDOV\VWHPV+HQFHIXWXUHDLUFUDIWZKLFKUHO\DWOHDVWLQSDUWRQHOHFWULFDOSURSXOVLRQZLOOQHHGWRGHPRQVWUDWH
DOHYHORIVDIHW\DQGUHOLDELOLW\HTXDOWRFXUUHQWVWDWHRIWKHDUW0RUH(OHFWULF$LUFUDIW0($>@+HQFHWKHGHYHORSPHQWRI

7KLVZRUNKDVEHHQXQGHUWDNHQZLWKLQWKH5ROOV5R\FH8QLYHUVLW\7HFKQRORJ\&HQWUHIRU(OHFWULFDO3RZHU6\VWHPV7KHDXWKRUVDUHZLWKWKH,QVWLWXWHIRU
(QHUJ\ DQG (QYLURQPHQW 'HSDUWPHQW RI (OHFWURQLF DQG (OHFWULFDO (QJLQHHULQJ 8QLYHUVLW\ RI 6WUDWKFO\GH *ODVJRZ * ;: 8. HPDLO
PDULHIO\QQ#VWUDWKDFXN&DWKHULQHHMRQHV#VWUDWKDFXNSDWULFNQRUPDQ#VWUDWKDFXN
$)DXOW0DQDJHPHQW2ULHQWHG(DUO\'HVLJQ
)UDPHZRUNIRU(OHFWULFDO3URSXOVLRQ$LUFUDIW
0DULH&ODLUH)O\QQ&DWKHULQH-RQHV3DWULFN-1RUPDQ*UDHPH0%XUW
(
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WKHVSHFLILFHOHFWULFDOIDXOWPDQDJHPHQW)0WHFKQRORJLHVDQGV\VWHPVIRUHOHFWULFDOSURSXOVLRQDLUFUDIW(3$ZKLFKZLOO
HQVXUHIOLJKWVDIHW\PXVWQRZDOVREHRIKLJKSULRULW\
,Q SXEOLVKHG OLWHUDWXUH RQ WKH HDUO\ GHVLJQ RI VXFK DLUFUDIW WKHUH LV HYLGHQFH WKDW UHVHDUFK LQWR VWUDWHJLF DSSOLFDWLRQ RI
HOHFWULFDO)0KDVVWLOOWREHFRQVLGHUHGLQGHWDLO>@,QFDVHVZKHUHHOHFWULFDO)0LVFRQVLGHUHGDVSDUWRIHOHFWULFDOSRZHU
DUFKLWHFWXUHGHVLJQDQGSURRIRIFRQFHSWVWXGLHVWKLVLVGRQHWREHWWHUHVWLPDWHV\VWHPZHLJKWDQGORVVHVZLWKGHPRQVWUDWLRQV
RIWKHIHDVLELOLW\RIWKHDSSURDFKHVRUHVWLPDWHVRIDYDLODELOLW\RIXQGHUSLQQLQJWHFKQRORJ\GHIHUUHGWRIXUWKHUVWXG\>@>@
$GGLWLRQDOO\LQWKHVHH[DPSOHVWKHVHOHFWLRQRIYHU\ORZ75/WHFKQRORJLHVLQGLFDWHVDORZFRQILGHQFHLQH[LVWLQJ)0PHWKRGV
IRUHOHFWULFDOSRZHUV\VWHPDUFKLWHFWXUHVIRUHOHFWULFDOSURSXOVLRQDSSOLFDWLRQV
(OHFWULFDODUFKLWHFWXUHGHVLJQVZKLFKGRQRWHIIHFWLYHO\LQFRUSRUDWH)0IURPWKHRXWVHWULVNEHLQJSURYHQLQIHDVLEOHLQWKH
IXWXUHHVSHFLDOO\ZKHUHSURWHFWLRQGHYLFHVUHGXQGDQF\RUIDXOWWROHUDQFHFDSDELOLW\DUHUHTXLUHGWREHDGGHGWRWKHHOHFWULFDO
DUFKLWHFWXUHUHWURVSHFWLYHO\LQRUGHUWRPHHWFHUWLILFDWLRQVWDQGDUGV7KXVLI)0LVWREHFRQYLQFLQJO\LQFRUSRUDWHGLQWRWKH
GHYHORSPHQWDOURDGPDSIRU(3$WKHQDPHWKRGRORJ\IRUWKHGHVLJQRI)0RULHQWDWHGHOHFWULFDODUFKLWHFWXUHVLVUHTXLUHG7R
GDWHQRVXFKPHWKRGRORJ\KDVEHHQSUHVHQWHGLQWKHOLWHUDWXUH
)XUWKHUPRUH WKHFRQFHSWXDOGHVLJQRI IXWXUHDLUFUDIW UHTXLUHVYLVLELOLW\RI WHFKQRORJ\RU V\VWHPV LQWHJUDWLRQFKDOOHQJHV
ZKLFKZRXOGXQGHUPLQHWKHYLDELOLW\RI(3$DVDZKROH7KHGLVSDULW\EHWZHHQWKHVWDWHRIWKHDUW62$IDXOWPDQDJHPHQW
WHFKQRORJLHVDQGWKHSXEOLVKHGVSHFLILFDWLRQVIRUIXWXUHDLUFUDIWDSSOLFDWLRQVLQGLFDWHWKDW)0LVDPDMRUWHFKQRORJ\FKDOOHQJH
)RUH[DPSOHPDQ\RIWKHFXUUHQW)0WHFKQRORJLHVRQ62$DLUFUDIWDUHQRWUDWHGIRUXVHDWWKHKLJKHUSRZHUDQGYROWDJHOHYHOV
SURSRVHG IRU HOHFWULF SURSXOVLRQ >@ $V WKH HOHFWULFDO VDIHW\ VWDQGDUGV IRU (3$ DUH QRW \HW IXOO\ GHILQHG WKH WDUJHWV IRU
GHYHORSPHQWRIFULWLFDO)0WHFKQRORJLHVDUHQRW\HWNQRZQ7KLVUHVXOWVLQDKLJKOHYHORIXQFHUWDLQW\LQWKHLUGHVLJQ<HWLW
ZRXOGQRWEHDFFHSWDEOHWRZDLWXQWLOODWHULQWKHDLUFUDIWGHVLJQSURFHVVZKHQWKHUHLVOHVVDVVRFLDWHGWHFKQRORJ\XQFHUWDLQW\
WRVFRSHWKHIHDVLEOH)0VROXWLRQVDVWKHUHTXLUHGGHYLFHVPD\QRWKDYHEHHQGHYHORSHG%\FRQVLGHULQJ)0QRZLWZLOOEH
SRVVLEOHWRVSHFLI\WHFKQRORJLHVZKLFKZLOOHQDEOHIHDVLEOH)0VROXWLRQVWREHUHDOL]HGLQWKHIXWXUH
,QFRUSRUDWLQJ)0DVDNH\IXQFWLRQDOUHTXLUHPHQWLQWKHHDUO\GHVLJQVWDJHVRIIXWXUH(3$DOVRRIIHUVDQRSSRUWXQLW\WR
GHYHORSSURPLVLQJVROXWLRQV WKDWRWKHUZLVHFRXOGKDYHEHHQRYHUORRNHGDQG WRFRQVLGHUHOHFWULFDODUFKLWHFWXUHVZKLFKDUH
RSWLPDO IURPD)0SHUVSHFWLYH ,Q WKLV ZD\ WKH FULWLFDO UROHRI )0 DV SDUW RI D UREXVWGHVLJQ PHWKRGRORJ\ UHDOL]LQJ WKH
SRWHQWLDOEHQHILWVRI(3$LVHVWDEOLVKHG
7KHUHPDLQGHURI WKLVSDSHU LVVWUXFWXUHGDV IROORZV6HFWLRQ,,$RXWOLQHV WKH LPSRUWDQFHRI)0IRU(3$6HFWLRQ,,%
SUHVHQWVDQGGLVFXVVHVNH\HOHFWULFDO)0GHVLJQPHWKRGVIURPWKHOLWHUDWXUH,Q6HFWLRQ,,,DQRYHOUREXVW)0RULHQWHGGHVLJQ
IUDPHZRUNLVSUHVHQWHG7KLVLVWKHQGHPRQVWUDWHGLQ6HFWLRQ,9WKURXJKDTXDOLWDWLYHHOHFWULFDODUFKLWHFWXUHGRZQVHOHFWLRQ
FDVHVWXG\IRUDQ(3$FRQFHSWIHDWXULQJDQHOHFWULFWDLOFRQHWKUXVWHU7KHSDSHUFORVHVE\GUDZLQJFRQFOXVLRQVRQWKHZLGHU
LPSDFWRI)0RULHQWHGGHVLJQSUDFWLFHVDQGLGHQWLI\LQJSHUWLQHQWHOHPHQWVRIIXUWKHUZRUNUHTXLUHGLQWKLVILHOG
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,, (;,67,1*)$8/70$1$*(0(17$3352$&+(6
$ 'HILQLQJNH\IDXOWPDQDJHPHQWWHUPLQRORJ\
7KHUHLVDSDUDGLJPVKLIWUHTXLUHGQRWRQO\LQWKHGHVLJQRIWKHHOHFWULFDODUFKLWHFWXUHVEXWDOVRLQWKHWHUPLQRORJ\ZKLFKLV
XVHG&RQYHQWLRQDOO\HOHFWULFDOSURWHFWLRQGHVLJQFRQVLGHUV WKHSRVVLEOH IDXOWV WKDWFRXOGRFFXUDWDJLYHQ ORFDWLRQRQ WKH
QHWZRUNDQGWKHQXVHVWKDWNQRZOHGJHWRVHOHFWDSSURSULDWHIDXOWSURWHFWLRQGHYLFHVWRSURWHFWDJDLQVWWKHUDQJHRIDQWLFLSDWHG
IDXOWV7KHSURSRVHGDOWHUQDWLYHIDXOWPDQDJHPHQWDSSOLHVPXFKRIWKHVDPHWHFKQLFDOXQGHUVWDQGLQJRIHOHFWULFDOIDXOWVEXW
DLPV WR FRQILJXUH ZKROH WKH HOHFWULFDO DUFKLWHFWXUH IURP WKH RXWVHW ZLWK D YLHZ WR WKH LQWHJUDWLRQ RI HIIHFWLYH SULRULWL]HG
HOHFWULFDOIDXOWSURWHFWLRQ7KLVHQDEOHVWKHHOHFWULFDODUFKLWHFWXUHWRLPSOHPHQWDUREXVWIDXOWUHVSRQVHIURPDFRPELQDWLRQRI
)0VSHFLILFGHYLFHVVXFKDVFLUFXLWEUHDNHUVDQGRWKHUFRPSRQHQWVZLWKSRVVLEOH)0IXQFWLRQVVXFKDVSRZHUHOHFWURQLF
FRQYHUWHUVDVZHOODVDQ\LQKHUHQWIDXOWPDQDJHPHQWFDSDELOLW\RIWKHDUFKLWHFWXUHLWVHOIVXFKDVFDEOHRYHUUDWLQJ2IFRXUVH
LWLVFHUWDLQO\QRWQRYHOWRFRQVLGHUWKHXSVWUHDPGRZQVWUHDPLPSDFWRIDIDXOWDQGWRLQFOXGHVRPHOHYHORIUHGXQGDQF\DQG
RYHUUDWLQJLQWRWKHGHVLJQSURFHVV<HWWKHVWULQJHQWZHLJKWFRQVWUDLQWDQGWKHFRPSOH[LW\RIWKHHOHFWULFDOV\VWHPIRUDQ(3$
HYHQLQFRPSDULVRQWRWKHOHYHORIHOHFWULFDOSRZHULQVWDOOHGRQFXUUHQWDLUFUDIWWRJHWKHUZLWKWKHFRPSDFWFRQILJXUDWLRQRIWKH
HOHFWULFDOV\VWHPDQGWKHKDUVKDLUFUDIWRSHUDWLQJHQYLURQPHQWDOOUHTXLUHWKDW)0PXVWWDNHDZLGHUVFRSHWKDQFRQYHQWLRQDO
HOHFWULFDOSURWHFWLRQ
)DXOWPDQDJHPHQWDSSURDFKHVWKLVSUREOHPZLWKDYLHZWRRQO\HPSOR\LQJWKHGHYLFHVZKLFKDUHSURYHQQHFHVVDU\IRUD
JLYHQ)0JRDOVWUDWHJLFDOO\ORFDWLQJWKHPRQWKHV\VWHPIRUPD[LPXPEHQHILWVSHFLI\LQJUDWLQJVRIWKHQRQIDXOWPDQDJHPHQW
VSHFLILF FRPSRQHQWV DQG VXEV\VWHPV WR FRPSOHPHQW WKH FKRVHQ )06 )DXOW 0DQDJHPHQW 6WUDWHJ\ DFNQRZOHGJLQJ WKH
OLPLWDWLRQVRIGHYLFHVDQGXVLQJWHFKQRORJLHVLQFOXVWHUVWRDFKLHYHUHTXLUHGIXQFWLRQVZKHUHDJLYHQWHFKQRORJ\LVOLPLWHG
7KHSURFHVVRIIDXOWGHWHFWLRQGLDJQRVLVDQGORFDWLRQDUHQRWFRQVLGHUHGLQGHWDLOLQWKLVSDSHUDOWKRXJKWKHVHDUHLPSRUWDQW
IXQFWLRQVZKLFKZRXOGIRUPSDUWRIWKHGHWDLOHG)0GHVLJQDWDODWHUSRLQWLQWKHGHVLJQSURFHVV7KHVFRSHRI)0DVDZKROH
GRHVLQFOXGHWKHVHDVSHFWV\HW WKHVHZLOOFRPH LQWRJUHDWHUIRFXVDV WKHSULPDU\)0WHFKQRORJLHVGHYHORSIXUWKHUDQGWKH
GLIIHUHQWHOHFWULFDOVXEV\VWHPVDUHLQWHJUDWHGWRJHWKHULQWRDFRPSOHWHV\VWHP
,QFXUUHQWWHUPLQRORJ\ORDGPDQDJHPHQWLVWKHVWUDWHJLFRSWLPL]DWLRQRIHOHFWULFDOORDGVGXULQJIOLJKWHVSHFLDOO\ZKHQWKHUH
LVDQLQVXIILFLHQWSRZHUVXSSO\+RZHYHUDVLGHIURPWKHDX[LOLDU\ORDGVZKLFKZLOORIFRXUVHVWLOOIHDWXUHRQWKHIXOO\GHYHORSHG
HOHFWULFDODUFKLWHFWXUHIRUDQ\SDVVHQJHUDLUFUDIWDQ\IRUPRIXQSODQQHGORDGVKHGGLQJRIWKHODUJHSURSXOVLYHORDGVRQWKH
HOHFWULFDOV\VWHPZRXOGRQO\EHLPSOHPHQWHGLQDFULWLFDOIDXOWVFHQDULR7KHUHIRUH ORDGPDQDJHPHQWEHFRPHVSDUWRI WKH
ZLGHU)0V\VWHP
)XUWKHUPRUHWKHHOHFWULFDOSURWHFWLRQV\VWHPDOVRQRZKDVQRYHOLQWHUIDFHVZLWKWKHPHFKDQLFDOGHVLJQDQGFRQILJXUDWLRQ
RIWKHDLUFUDIWDQGVRDV\VWHPVOHYHOXQGHUVWDQGLQJRIKRZDQHOHFWULFDOIDXOWPLJKWWKHQLPSDFWWKHGHVLJQRIRWKHUQHLJKERULQJ
GHSHQGHQWV\VWHPVLVUHTXLUHG6LQFHLQ(3$WKHSURSXOVLRQLVLQWHJUDWHGLQWRWKHDLUIUDPHDQ\HOHFWULFDOIDXOWZLOOXQGHUPLQH
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WKHRSWLPDO SHUIRUPDQFHRI WKH DLUFUDIW 0RUH LPSRUWDQWO\ KRZHYHU HOHFWULFDO IDXOWV WKUHDWHQ WKH DELOLW\RI WKH DLUFUDIW WR
PDLQWDLQWKHPLQLPXPSURSXOVLYHSRZHUDQGWKHVDIHW\DQGLQWHJULW\RIWKHDLUFUDIWVWUXFWXUHDVDZKROH
% 5HYLHZRI)06VDQGGHVLJQIUDPHZRUNVIRU(3$
7KHHOHFWULFDODUFKLWHFWXUHVSURSRVHGIRU1$6$¶V1;DLUFUDIWE\5ROOV5R\FH>@DQG*(>@LQFOXGHHOHFWULFDOSURWHFWLRQ
IXQFWLRQDOLW\DQGKLJKOLJKWWKHVLJQLILFDQWLPSDFWWKDWDSURWHFWLRQV\VWHPPD\KDYHRQWKHRYHUDOOZHLJKWEXGJHWIRUDQ(3$
,WLVQRWFOHDUKRZHYHUZKHWKHUWKHSURSRVHG1;VROXWLRQLVIHDVLEOHRULIWKHRSWLPDOQXPEHURISURWHFWLRQFRPSRQHQWV
KDYHEHHQGHSOR\HG>@7KLVLVHYLGHQFHGE\WKHSUDJPDWLFUDWLRQDOHEHKLQGWKHORFDWLRQDQGFKRLFHVRIGHYLFHVHVSHFLDOO\
WKRVHZKLFKDUHDWORZ7HFKQRORJ\5HDGLQHVV/HYHO75/IRUDQDLUFUDIWDSSOLFDWLRQ
$XWKRUV LQ >@ LGHQWLI\ WKDW WKH HOHFWULFDO V\VWHP 6WUDWHJLF )DXOW 5HVSRQVH 6)5 FDQ RIWHQ EH FRXQWHULQWXLWLYH ZKHQ
LQIOXHQFHGE\WKHZKROHDLUFUDIWGHVLJQ)RUH[DPSOHRQ1$6$¶V;0D[ZHOODLUFUDIWLIRQHRIWKHZLQJWLSWKUXVWHUVZHUH
WRIDLOWKHUXGGHUFDQQRWFRUUHFW WKHLPEDODQFH $VDUHVXOWHLWKHU WKHDLUFUDIWKDVWREHSRZHUHGGRZQWRJOLGHUPRGHRU
KHDOWK\SURSXOVRUVRQWKHRSSRVLWHZLQJQHHGWREHWXUQHGRII,QWKLVFDVHWKH(3$V\VWHPPD\VDFULILFHFRQYHQWLRQDO)0
JRDOVVXFKDVPDLQWDLQLQJSRZHUIORZWRHQVXUHWKDWNH\V\VWHPUHTXLUHPHQWVDUHIXOILOOHG
$GGLWLRQDOHYLGHQFHRIZLGHUDLUFUDIWGHVLJQLQIOXHQFLQJWKHHOHFWULFDOIDXOWUHVSRQVHLVJLYHQLQ>@7KLVDUWLFOHGHVFULEHV
KRZIRU1$6$¶V67$5&$%/DLUFUDIWWKHFRQWULEXWLRQRIWKHHOHFWULFDOV\VWHPWRRYHUDOOWKUXVWUHTXLUHGYDULHVRYHUWKHIOLJKW
F\FOH,WLVFRQFHLYDEOHWKDWWKLVZLOODOVRUHVXOWLQYDULDWLRQRIWKH6)5LPSDFWLQJWKHGHVLJQHGLQ)06ZKLFKZLOOQHHGWR
DFFRPPRGDWHFKDQJLQJRSHUDELOLW\UHTXLUHPHQWV
)XUWKHUPRUH LQ >@ DQG >@ WKH DXWKRUV GHVFULEH KRZ WKH HOHFWULFDO SRZHU V\VWHP IRU WKH +<367$,5 VHULHV K\EULG
SURSXOVLRQ V\VWHP ZDV GHVLJQHG XVLQJ D V\VWHPV DSSURDFK WR HQVXUH DGKHUHQFH RI UHGXQGDQF\ UHTXLUHPHQWV WR H[SHFWHG
FHUWLILFDWLRQVWDQGDUGV,QGRLQJVRWKHUHGXQGDQF\DVSHFWRIWKH)06ZDVIDFWRUHGLQWRWKHGHVLJQSURFHVVDWDQHDUO\VWDJH
$SURSRVHGPHWKRGRORJ\RIHOHFWULFDOV\VWHPGHVLJQSUHVHQWHGLQ>@GHWHUPLQHVWKHSRZHUUHTXLUHPHQWVDQGWKHWRSRORJ\
EHIRUHDVVHVVLQJWKHLPSDFWRIIDXOWVDQGSHUIRUPLQJIDXOWVWXGLHV:KLOVWWKLVPD\EHDPHDQVWRGHULYHDQHOHFWULFDOSRZHU
V\VWHPIURPILUVWSULQFLSOHVWKHGHOD\LQFRQVLGHULQJWKHLPSDFWRIWKH)0ZLWKLQWKHGHVLJQRYHUORRNVWKHLQWHUGHSHQGHQF\
EHWZHHQDYDLODELOLW\DQGFDSDELOLW\RIGLIIHUHQWSURWHFWLRQGHYLFHVDQGWKHFKRLFHRIDIHDVLEOHHOHFWULFDOSRZHUV\VWHP
$IUDPHZRUNIRUWKHFRQFHSWXDOGHVLJQRIDLUFUDIWWRPLQLPL]HHQYLURQPHQWDOLPSDFWLVGHVFULEHGLQ>@\HWWKHLPSDFWRI
)0RQWKHGHVLJQSURFHVVLVQRWZLWKLQWKHVFRSHRIWKLVWRRO3XEOLVKHGZRUNLQDVVHVVLQJWKHLPSDFWRIKLJKEDQGZLGWKHQHUJ\
VWRUDJHLQWHJUDWLRQLQWRFRPSDFW'&QHWZRUNVKLJKOLJKWHGWKHQHHGIRUDFRPSUHKHQVLYHSURWHFWLRQIUDPHZRUN>@ZKLFK
GHWHUPLQHV WKH SURWHFWLRQ UHTXLUHPHQWV DSSOLHV UHOHYDQW FRQVWUDLQWV DQG WKHQ VHOHFWV DQ DSSURSULDWH SURWHFWLRQ VWUDWHJ\
+RZHYHUWKHPHDQVE\ZKLFKVXFKDIUDPHZRUNVKRXOGLPSOHPHQWWKHVHVWDJHVZDVQRWGHVFULEHGQHLWKHUZDVDQH[LVWLQJ
IUDPHZRUNLGHQWLILHGZKLFKDGHTXDWHO\VDWLVILHVWKHVHUHTXLUHPHQWV

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
:KLOVWWKHIRFXVRIWKH)0IUDPHZRUNSUHVHQWHGLQWKLVSDSHULV)0DSSURDFKHVIRUWKHHOHFWULFDOSRZHUV\VWHPGHVLJQRI
DQ(3$WKH)0IUDPHZRUNPHWKRGRORJ\SUHVHQWHGLQWKLVSDSHUPD\EHDSSOLFDEOHWRRWKHUHOHFWULFDOSRZHUV\VWHPVIRURWKHU
HOHFWULFDOSURSXOVLRQDSSOLFDWLRQVLQWKHIXWXUH+RZHYHU WKHVSHFLILFFKDOOHQJHVRI)0IRU(3$DUHGLVWLQFWIURPWKRVHRI
H[LVWLQJHOHFWULFDOSURSXOVLRQDSSOLFDWLRQVLQWHUPVRIVDIHW\FULWLFDOHOHFWULFDOORDGVPDVVSURGXFWLRQRIKLJKO\UHOLDEOHDLUFUDIW
V\VWHPVDQGVWULQJHQWZHLJKWFRQVWUDLQWV)RUH[DPSOHZKLOVWWKH(OHFWULF9HKLFOH(9LQGXVWU\KDVJLYHQPXFKIRFXVWRWKH
GHYHORSPHQWRIIDXOWWROHUDQWHOHFWULFDOSURSXOVLRQV\VWHPV>@±>@DQGPDLQWDLQLQJVDIHW\FULWLFDOIXQFWLRQVQRHDUO\VWDJH
DUFKLWHFWXUHGHVLJQ PHWKRGRORJ\ ZDV LGHQWLILHG LQ WKH OLWHUDWXUH ZKLFK ZDV HTXLYDOHQW LQ WHUPV RI DGGUHVVLQJ WKH OHYHORI
XQFHUWDLQW\VXUURXQGLQJWKHGHVLJQRIIXWXUH(3$DQGWKHODFNRIVXLWDEOH)0WHFKQRORJLHVZKLFKPD\GULYHWKHQHHGIRUD
QRYHODSSURDFKWRIDXOWWROHUDQWGHVLJQV
' 6XPPDU\RIOLWHUDWXUHUHYLHZDQGVSHFLILFDWLRQRIUHTXLUHGIUDPHZRUN
:KLOVWQRFRPSDUDEOHHDUO\VWDJHGHVLJQIUDPHZRUNH[LVWVZLWKLQWKHOLWHUDWXUHWKHDUWLFOHVUHYLHZHGGRKLJKOLJKWDQXPEHU
RIOHVVRQVOHDUQHGZKLFKUHTXLUHDSSURSULDWHUHSUHVHQWDWLRQZLWKLQDQ\QHZSURSRVHGGHVLJQIUDPHZRUN&UXFLDOO\WKHUHDUH
DQXPEHURIUHTXLUHPHQWVUHOHYDQWWRWKHHOHFWULFDODUFKLWHFWXUHGHVLJQZKLFKIORZGRZQIURPWKHZKROHDLUFUDIWGHVLJQ7KHVH
UHTXLUHPHQWVIRUPWKHIXQGDPHQWDOEDVLVRIGRZQVHOHFWLRQRIHOHFWULFDOV\VWHPGHVLJQVROXWLRQVDQGDUHGHILQHGLQWKLVSDSHU
DVWKH3ODWIRUP/HYHO5HTXLUHPHQWV3/5V
$GGLWLRQDOO\LWLVDOUHDG\FOHDUWKDWWKHGHVLJQRIHOHFWULFDODUFKLWHFWXUHVIRU(3$FDQQRWIROORZDFRQYHQWLRQDODSSURDFK
DVWKXVIDUWKLVKDVOHGWRVROXWLRQVZKLFKDUHVXERSWLPDOLQIHDVLEOHRURYHUO\VLPSOLVWLFDQGGRQRWUHIOHFWWKHQRYHOLQWHUIDFHV
EHWZHHQ WKH DLUFUDIW FRQFHSWXDO DQG HOHFWULFDO GHVLJQ 7KHUHIRUH D QHZ )0 RULHQWHG GHVLJQ IUDPHZRUN IRU HDUO\VWDJH
DUFKLWHFWXUHGRZQVHOHFWLRQVKRXOGPHHWWKHIROORZLQJUHTXLUHPHQWV
x LQFRUSRUDWH)0IURPWKHRXWVHW
x PDSWKHLQWHUGHSHQGHQFLHVEHWZHHQWKHDLUFUDIWFRQFHSWDQGWKHHOHFWULFDOV\VWHPGHVLJQ3/5VSDUWLFXODUO\LQUHODWLRQ
WRWKH)06DQG6)5
x GHILQHWKHV\VWHPJRDOGXULQJIDXOWFRQGLWLRQVVRWKDWSULRULW\)0IXQFWLRQVFDQEHGHWHUPLQHG
x LGHQWLI\ WKH OHYHO RI FRQILGHQFH RU OLNHO\ IHDVLELOLW\ LQ SDUWLFXODU )0 WHFKQRORJLHV EHLQJ HPSOR\HG ZLWKLQ D VSHFLILF
GHYHORSPHQWDOWLPHIUDPH
x PDQDJHWKHODUJHDPRXQWRIXQFHUWDLQW\SUHVHQW LQWKHGHVLJQRIIXWXUH(3$ZKLFKLVGXHWRPDQ\GHVLJQFRQVWUDLQWV
EHLQJLOOGHILQHGRUGHVLJQGHFLVLRQVEHLQJEDVHGRQWHFKQRORJ\SURMHFWLRQV
x RIIHUDPHWKRGLFDOPHDQVRIUHGXFLQJGRZQWKHYHU\H[WHQVLYHLQLWLDOVROXWLRQVSDFHHOLPLQDWHLQIHDVLEOHVROXWLRQVDQG
JLYHVRPHLQGLFDWLRQRISULRULW\ZKHUHDQXPEHURIFRPSHWLQJUHTXLUHPHQWVRURXWFRPHVH[LVW
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,Q WKLV VHFWLRQDQRYHO)0RULHQWHG HDUO\VWDJHGHVLJQ IUDPHZRUN LVSURSRVHG ZKLFKDGGUHVVHV WKH UHTXLUHPHQWV OLVWHG
DERYH$KLJKOHYHOORJLFIORZGHSLFWLRQRIWKLVIUDPHZRUNLVSUHVHQWHGLQ)LJXUHWKHFRUHGHWDLOVDQGDVVXPSWLRQVRIZKLFK
DUHWKHQSURYLGHGODWHULQ)LJXUH
7KHIUDPHZRUNGHVFULEHVDFRPSUHKHQVLYHPHWKRGWRLGHQWLI\WKH)0UHTXLUHPHQWVIRUDJLYHQEDVLFDLUFUDIWFRQFHSWDQG
KHQFHPDWFKVXLWDEOH)0WHFKQRORJLHVWRGHVLUHG)0DFWLRQVLQRUGHUWRGHULYHIHDVLEOH)06V$WHDFKVWDJHRIWKHIUDPHZRUN
WKHVROXWLRQVSDFHLVUHGXFHGXQWLOWKHSURFHVVFRQYHUJHVRQWKHILQDOGRZQVHOHFWHGHOHFWULFDODUFKLWHFWXUHV,QWKLVZD\WKH
LGHQWLILFDWLRQRIIHDVLEOHHOHFWULFDODUFKLWHFWXUHVLVGHSHQGHQWRQWKHFDSWXUHRI3/5VDQGGHILQHG)0V\VWHPJRDO
7KH)0GHILQLWLRQVJLYHQLQ6HFWLRQ,,$DUHWKHIRXQGDWLRQRIWKLVIUDPHZRUN7KHJRDORIWKH)0V\VWHPLVGHILQHGHDUO\
LQWKHSURFHVVDVLQGLFDWHGE\SKDVHLQ)LJXUHDQGWKHQIHHGVLQWRWKHFKRLFHRIERWK)0DFWLRQVWRUHVSRQGWRWKHIDXOW
DQG)0WHFKQRORJLHVWRLPSOHPHQWWKHGHVLUHG6)5$WHDFKVXEVHTXHQWVWDJHRIWKHIUDPHZRUNRQO\RSWLRQVZKLFKVXSSRUW
WKH FKRVHQ )0 JRDO DUH WDNHQ IRUZDUG ,Q WKLV PDQQHU DQ\ DUFKLWHFWXUH ZKLFK LV LQIHDVLEOH IURP DQ )0 SHUVSHFWLYH LV
HOLPLQDWHGSURYLGLQJGRZQVHOHFWLRQRIFDQGLGDWHDUFKLWHFWXUHV$OWKRXJKLWLVSRVVLEOHWKDWWKHUHPD\EHJURZWKLQWKHQXPEHU
RI SRVVLEOH VROXWLRQV GXULQJ WKH SURFHVV ZKHUH WHFKQRORJLHV RU IXQFWLRQV DUH FRPELQHG WRJHWKHU RU QRYHO VROXWLRQV DUH
LGHQWLILHGWKXVH[SDQGLQJWKHVROXWLRQVSDFHWKHGRZQVHOHFWLRQDQGZHLJKWLQJPHFKDQLVPVLQWKHIUDPHZRUNHQVXUHVWKDW
RQO\IHDVLEOHVROXWLRQVDUHWDNHQIRUZDUG
7KHLQSXWVWRWKHIUDPHZRUNVXFKDVWKH3/5VDUHGHULYHGIURPHDUO\VWDJH(3$FRQFHSWVWKHVHOHFWLRQRIWKHVHLQSXWV
UHTXLUHVDSSURSULDWHH[SHUWLVH7KHGDWDEDVHJDWKHULQJDQGGHWHUPLQLQJRIV\VWHPJRDOVZRXOGDOVRUHTXLUHH[SHUWLVHLQWKH
LQWHUSUHWDWLRQRIWKHDLUFUDIWVWDQGDUGVDQGDVVHVVLQJWKHYDOLGLW\RIDQ\)0GHYLFH,WPD\EHSRVVLEOHWRDXWRPDWHVHFWLRQVRI
WKHGRZQVHOHFWLRQSURFHVV+RZHYHUDVVHVVLQJFRPSOH[LW\DQGLQWHUV\VWHPGHSHQGHQFLHVLQDQDXWRPDWHGPDQQHUZLOOEH
H[WUHPHO\GLIILFXOWDQGZLOOUHTXLUHH[SHUWDVVHVVPHQWDQGDSSUDLVDOWRLGHQWLI\IHDVLEOHVROXWLRQV
7R GHPRQVWUDWH WKLV GHVLJQ IUDPHZRUN D FDVH VWXG\ LV SUHVHQWHG WKURXJKRXW 6HFWLRQ ,9 WRJHWKHU ZLWK WKH IUDPHZRUN
GHVFULSWLRQ ,Q WKLVDQH[DPSOHFRQFHSWDLUFUDIWHOHFWULFDODUFKLWHFWXUH LVGHULYHG WR LOOXVWUDWH WKHXVHRI WKHIUDPHZRUN$
TXDQWLWDWLYHGHVLJQDQGDQDO\VLVLVQRWZLWKLQWKHVFRSHRIWKLVSDSHUGXHWRODFNRISXEOLVKHGGDWDWRSHUIRUPVXFKVWXGLHV
DOWKRXJKWKLVSURFHVVLVDQLPSRUWDQWRQHZKLFKZLOOEHUHTXLUHGODWHULQWKHGHYHORSPHQWRIDQ\(3$7KHEHQHILWRIXVLQJWKH
IUDPHZRUNLVQRWDWWKLVSRLQWDTXDQWLILDEOHLPSURYHPHQWLQWKHSK\VLFDOGHVLJQRIWKHV\VWHPEXWUDWKHUHDUO\UHGXFWLRQVLQ
WKHGHVLJQWUDGHVSDFHWKURXJKWKHHOLPLQDWLRQRILQIHDVLEOHRUXQGHVLUDEOHFDQGLGDWHVROXWLRQVDQGWKHLGHQWLILFDWLRQRIWKH
DVSHFWVRIWKH)0GHVLJQZKLFKDUHFULWLFDOWRWKHZLGHUDLUFUDIWIHDVLELOLW\LHVKDSLQJLQIRUPDWLYHGHVLJQUXOHVWUDGHV7KH
FKRVHQFRQFHSWLVDWXEHDQGZLQJDLUFUDIWZLWKDUHDUPRXQWHGFRQHWKUXVWHUVLPLODUWRERWKWKH1$6$67$5&$%/DLUFUDIW
>@DQGWKH%DXKDXV/XIWIDKUW>@SURSXOVLYHIXVHODJHDLUFUDIWDVVKRZQLQ)LJXUH7KHLQSXWUHTXLUHPHQWV WRWKHFDVH
VWXG\LQFOXGLQJWKHGDWDLQ7DEOHDUHEDVHGRQSXEOLVKHGGDWDIURPHDUO\IHDVLELOLW\VWXGLHVIRUWKH67$5&$%/DLUFUDIW
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$GHWDLOHGLOOXVWUDWLRQRIWKHGHVLJQIUDPHZRUNLVSUHVHQWHGLQ)LJXUHH[SDQGLQJWKHNH\VWDJHVRXWOLQHGLQ)LJXUHDQG
VKRZLQJWKHZD\LQZKLFKDVVXPSWLRQVKDYHEHHQFDSWXUHG7KHIROORZLQJVHFWLRQVGHVFULEHDQGGLVFXVVHDFKPDMRUVWDJHRI
WKHIUDPHZRUNGUDZLQJGLUHFWUHIHUHQFHWRWKHDSSURSULDWHSDUWRI)LJXUHIRUFRQYHQLHQFH
$ 3ODWIRUPOHYHOUHTXLUHPHQWV³3KDVH´)LJXUH
%\UHYLHZLQJWKHDLUFUDIWFRQFHSWWKHNH\3/5VZKLFKKDYHDQLPSDFWRQWKHHOHFWULFDOV\VWHPFDQEHGHILQHG7KLVPDSSLQJ
RIWKHGHSHQGHQFLHVEHWZHHQWKHVHWZRIDFHWVRIWKHV\VWHPGHVLJQLVDNH\FRQWULEXWLRQRIWKLVIUDPHZRUN7KHSURFHVVRI
ZHLJKWLQJWKH3/5VUHODWLYHWRHDFKRWKHUDWWKLVHDUO\SRLQWLQWKHGHVLJQSURFHVVLGHQWLILHVWKHPRVWFKDOOHQJLQJDVSHFWVRI
WKH)0GHVLJQIURPWKHRXWVHW
)RUWKHFDVHVWXG\SUHVHQWHGWKH3/5VZHUHEDVHGRQDYDLODEOHGDWDIURPHDUO\VWXGLHVSHUIRUPHGIRUWKH67$5&$%/
DLUFUDIW>@7KLVDLUFUDIWFRQFHSW LVLQWKHHDUO\VWDJHVRIGHYHORSPHQWDQGWKHUHIRUHD OLPLWHGUDQJHRIYHULILDEOHGDWDLV
)LJXUH)02ULHQWDWHG)UDPHZRUN2YHUYLHZ
(OHFWULFDODUFKLWHFWXUHGHVLJQ± WKH
FKRVHQ)06GULYHVHOHFWULFDO
DUFKLWHFWXUHGHVLJQ
)DXOWPDQDJHPHQWV\VWHPJRDO± WKH
UHTXLUHGIXQFWLRQDOLW\RIWKHV\VWHP
ZKHQIDXOWRFFXUV
)DXOWPDQDJHPHQW
WHFKQRORJ\± KRZIDXOW
PDQDJHPHQWVWUDWHJ\DFWXDOO\
LPSOHPHQWHG
,GHQWLILFDWLRQRIYLDEOH)06V XVLQJSUHIHUUHGWHFKQRORJ\WR
LPSOHPHQWGHVLUHG)0DFWLRQV
'HILQHSODWIRUPOHYHOUHTXLUHPHQWV± DVSHFWVRIDLUFUDIW
FRQFHSWZKLFKLPSDFWRQ)0GHVLJQ
)DXOWPDQDJHPHQW
DFWLRQV± IHDVLEOHIDXOW
PDQDJHPHQWFDSDELOLW\
ZKHQIDXOWRFFXUV


D E


 
)LJXUH,OOXVWUDWLRQRI%DXKDXV/XIWIDKUW>@DQG1$6$FRQFHSWV>@
)XVHODJH)DQ
&RUHHQJLQHLQVWDOODWLRQ
$GYDQFHGJHDUHGWXUERIDQV
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DYDLODEOH+HQFH WKHGDWDXVHG LQ7DEOH LVJHQHUDOL]HG WRYDOXHVVLPLODU WR WKRVHDYDLODEOH IRU WKH67$5&$%/DLUFUDIW
:KHUHGDWDGRHVQRWFXUUHQWO\H[LVWIRUD3/5LQWKLVFDVHIRUWKH³([WHUQDO)DFWRUV´³3UHGHILQHG$UFKLWHFWXUH3UHIHUHQFH´
DQG³&XVWRPHU2SHUDWLRQDODQG6DIHW\5HTXLUHPHQWV´DQDSSURSULDWHHVWLPDWLRQZDVPDGH7KLVLVLQGLFDWHGLQ7DEOHE\DQ
DVWHULVN
 ([WHUQDOIDFWRUV
7KHUHPD\DOVREH3/5VGXHWRH[WHUQDOIDFWRUVWKDWLPSDFW)0GHVLJQHJFRVWRULQWHOOHFWXDOSURSHUW\UHVWUDLQWV(YHQLI
WKHVHDVSHFWVDUHQRWVLJQLILFDQWLQWKHLQLWLDOHOHFWULFDOGHVLJQWKH\PD\UHVXOWLQUHLWHUDWLRQVRIWKHIUDPHZRUNRULPSDFWWKH
GRZQVHOHFWLRQSURFHVVHVZLWKLQWKHIUDPHZRUN

 'HYHORSPHQWDOWLPHIUDPH
,GHQWLI\LQJWKHDYDLODEOHGHYHORSPHQWDOWLPHIUDPHDWWKHRXWVHWJXLGHVWKHVHOHFWLRQRI)0IXQFWLRQVDQGWHFKQRORJLHV7KH
GHYHORSPHQWDO WLPHIUDPH IRU WKH DLUFUDIW SODWIRUP GHWHUPLQHV WKH WLPH SHULRG DYDLODEOH IRU WKH PDWXUDWLRQ RI UHOHYDQW
7$%/(,'(17,),&$7,212)$,5&5$)73/$7)250/(9(/5(48,5(0(1763/56,1,7,$/$668037,216$1'5,6.6)25&$6(678'<

$LUFUDIW3/5 &DVH6WXG\'DWD ,QLWLDO
:HLJKWLQJ
)0'HVLJQ5HTXLUHPHQWV'HWHUPLQLQJ
:HLJKWLQJ)DFWRU
5LVN
([WHUQDO
)DFWRUV
3URRIRIFRQFHSW
DLUFUDIWLPPDWXUH
WHFKQRORJ\
0HGLXP ,QWKHDEVHQFHRIGDWDWKH³([WHUQDO
)DFWRUV´DUHGHILQHGDVWKHIDFWWKDWWKH
DLUFUDIWLVDQRYHOFRQFHSWDQGWKHUHIRUH
WKHUHLVDORWRIXQFHUWDLQW\LQLWVGHVLJQ
8QNQRZQH[WHUQDOIDFWRUVFRXOGKDYHDODUJH
LPSDFWRQGHVLJQDQGPD\QRW\HWEH
DQWLFLSDWHG
'HYHORSPHQWDO
7LPHIUDPH
(VWLPDWHG(,6 +LJK 7KHFRPSOHWH)0V\VWHPPXVWEH
FHUWLILHGIRUIOLJKWZLWKLQWKHDYDLODEOH
WLPH
)0V\VWHPFRPSRQHQWVGRQRWUHDFKKLJK
75/WKH)0V\VWHPGRHVQRWKDYHKLJK
,5/,QWHJUDWLRQ5HDGLQHVV/HYHOLQWLPH
IRUFRPSOHWHHOHFWULFDOV\VWHPWHVWV
$LUIUDPH	
%/,
6LQJOH%/,IDQDWUHDU 0HGLXP 7KHXVHRI%/,LVUHTXLUHGORVVRISRZHU
WRWKHIDQLVGHWULPHQWDOFDXVLQJGUDJDQG
GHSHQGHQFHRQPHFKDQLFDOFRPSHQVDWLRQ
PHDVXUHVVKRXOGEHDYRLGHG
0HFKDQLFDODLUIUDPHGHVLJQYDULDWLRQVPD\
FKDQJHWKHVL]HRIWKHIDQDQGWKXVWKHSRZHU
GHPDQGPHFKDQLFDOUHVSRQVHVWRHOHFWULFDO
IDLOXUHDWWKHIDQPD\EHSUHIHUUHG
:HLJKW
%XGJHW
([SHFWHGZHLJKW
EXGJHWRIWRWDO
HOHFWULFDOV\VWHP
QRWLQFOXGLQJDQ\
HQHUJ\VWRUDJHLV
DSSUR[NJ
+LJK 7KHDGGLWLRQDOZHLJKWRIWKHHOHFWULFDO
GULYHWUDLQPXVWEHPLQLPL]HGDQGLV
DVVXPHGWREHRIIVHWE\WKHIXHO
HPLVVLRQVDQGQRLVHVDYLQJVIRUWKLV(3$
FRQFHSWWREHYLDEOH
)0V\VWHPPD\QRWEHYLDEOHZLWKLQWKH
JLYHQZHLJKWEXGJHW)0RSWLRQVPD\EH
FRQVLGHUDEO\OLPLWHGLQQRYDWLYH)0
PHDVXUHVPD\EHQHHGHG
3HUFHQWDJH
+\EULGL]DWLRQ
DQG/RFDWLRQ
RI3URSXOVLRQ
8SWRRIWRWDO
WKUXVWDWWRSRI
FOLPEHOHFWULFDO
SRZHUGHOLYHUHGWR
UHDUWKUXVWHU
+LJK 7KHPD[LPXPSRZHUGHPDQGPXVWEH
PDLQWDLQHGWKHPL[LVDVVXPHG
RSWLPDODQGIHDVLEOHSRZHUPXVWEH
GLVWULEXWHGWRGLIIHUHQWSDUWVRIWKH
DLUFUDIWVLQJOHODUJHIDQDWUHDULV
SUHIHUUHGWRZLQJPRXQWHGIDQV
7KHHOHFWULFDOGULYHV\VWHPFDQQRWUHOLDEO\
VXSSO\WKHPD[SRZHUUHTXLUHPHQWILWWLQJ
WKHODUJHFRPSRQHQWVRIWKHHOHFWULFDO)0
V\VWHPZLWKLQWKHDLUIUDPHDWWKHUHTXLUHG
ORFDWLRQVLVQRWSRVVLEOHRUFDUULHVULVNV
7KHUPDO
0DQDJHPHQW
1RQVXSHUFRQGXFWLQJ
V\VWHPPXVW
PLQLPL]HWKHUPDO
ORDGV
/RZ +HDWJHQHUDWHGE\FRPSRQHQWVQHHGVWREH
HDVLO\GLVVLSDWHGDQGFRPSRQHQWVKDYHWR
EHRSHUDWHGLQDWHPSHUDWXUHFRQWUROOHG
HQYLURQPHQWWRHQDEOHRSWLPDO
SHUIRUPDQFH
7KHWKHUPDOORDGVZLOOUHGXFHWKHRYHUDOO
HIILFLHQF\	SRZHUZLOOEHUHTXLUHGWR
GLVVLSDWHWKHKHDW8QFRQWUROOHGYDULDWLRQLQ
WHPSHUDWXUHRIGHYLFHVFDXVHVIDLOXUHRU
FRQVWUDLQVWKHORFDWLRQRIGHYLFHVZLWKLQWKH
DLUFUDIW
7\SLFDO)OLJKW
3ODQ	3$;
3$;VLQJOHDLVOH
SDVVHQJHUDLUFUDIW
/RZ 7KHHOHFWULFDOSURSXOVLRQV\VWHPPXVWPHHW
FHUWLILFDWLRQVWDQGDUGVIRUVLQJOHDLVOHFLYLO
DLUFUDIW
7KHFHUWLILFDWLRQDQGVDIHW\UHTXLUHPHQWVZLOO
VLJQLILFDQWO\FRQVWUDLQRUGLUHFWWKHFKRLFHRI
)0VROXWLRQV
3URSXOVLRQ
3RZHU5DWLQJ
0:PD[
SURSXOVLYHSRZHU
UHTXLUHG
0HGLXP )0GHYLFHVPXVWEHUDWHGWRGHOLYHUWKH
PD[LPXPSRZHUGHPDQGDQGZLWKVWDQG
PD[LPXPIDXOWFXUUHQW
)0GHYLFHVPD\QRWEHDYDLODEOHDWWKH
UHTXLUHGSRZHUUDWLQJRUPD\EHOLPLWHGLQ
TXDQWLW\RUORFDWLRQ
3UHGHILQHG
$UFKLWHFWXUH
3UHIHUHQFH
'&GLVWULEXWLRQ
QHWZRUN
/RZ ,WLVDVVXPHGWKDWWKLVLVWKHGHVLJQ
SUHIHUHQFHIRUWKHILUVWLWHUDWLRQRIWKH
GHVLJQIUDPHZRUN
$Q\ELDVWRZDUGVWKLVSDUWLFXODUVROXWLRQPD\
ULVNDOWHUQDWLYHVEHLQJRYHUORRNHG
&XVWRPHU
2SHUDWLRQDO
DQG6DIHW\
5HTXLUHPHQWV
$VVXPHGFRPSDUDEOH
WR(7236
UHTXLUHPHQWVIRUD
VLPLODUVL]HG
SDVVHQJHUDLUFUDIW
/RZ 7KHFXVWRPHUUHTXLUHPHQWVIRUWKH
HOHFWULFDOV\VWHPGHVLJQKDYHWREH
VSHFLILHGDQGLQWKHDEVHQFHRIGDWDWKH
UHTXLUHPHQWKDVEHHQEDVHGRQH[LVWLQJ
VDIHW\UHTXLUHPHQWVIRUVLPLODUDLUFUDIW
7KHVHUHTXLUHPHQWVPLJKWQRWEHGHILQHGDQG
PD\YDU\ODUJHO\RYHUWKHGHYHORSPHQWRIWKH
DLUFUDIW
ZKHUHGDWDGRHVQRWH[LVWLQWKHOLWHUDWXUHDQDSSURSULDWHHVWLPDWLRQKDVEHHQPDGH
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WHFKQRORJLHVWRWKHUHTXLUHG75/IRUGHPRQVWUDWLRQSURGXFWLRQGHSHQGLQJRQWKHSODWIRUPDLPV7KLVLVGLVWLQFWIURPWKHSRLQW

)LJXUH)0'HVLJQ)UDPHZRUN
ůůƉƌĞ ?ĚĞĨŝŶĞĚĨĂƵůƚ
ŵĂŶĂŐĞŵĞŶƚĂĐƚŝŽŶƐ
ƌĞůĞǀĂŶƚƚŽƉůĂƚĨŽƌŵůĞǀĞů
ƌĞƋƵŝƌĞŵĞŶƚƐĐĂƚĞŐŽƌŝǌĞĚ
ďǇĨƵŶĐƚŝŽŶ
/ĚĞŶƚŝĨǇƉŽƐƐŝďůĞ&D
ĂĐƚŝŽŶƐƚŽĂĐŚŝĞǀĞĐŚŽƐĞŶ
&DŐŽĂů ?Ɛ ?
/ĚĞŶƚŝĨǇƉƌŽƚĞĐƚŝŽŶ
ƐǇƐƚĞŵĐŽŶƐƚƌĂŝŶƚƐ
/ĚĞŶƚŝĨǇ
ŝŶƚĞƌĚĞƉĞŶĚĞŶĐŝĞƐ
ĂŶĚŵĂƉ
^ĞůĞĐƚŝŶŝƚŝĂů
ƉƌŝŽƌŝƚǇƉƌŽƚĞĐƚŝŽŶ
ĐŽŶƐƚƌĂŝŶƚ ?Ɛ ?
ĞǀĞůŽƉŵĞŶƚĂůƚŝŵĞĨƌĂŵĞ ŝƌĨƌĂŵĞ ?>/ tĞŝŐŚƚďƵĚŐĞƚ
A?,ǇďƌŝĚŝǌĂƚŝŽŶ
 ?WƌŽƉƵůƐŝŽŶ>ŽĐĂƚŝŽŶ
dǇƉŝĐĂůĨůŝŐŚƚƉůĂŶ
 ?Wy
WƌŽƉƵůƐŝŽŶƉŽǁĞƌ
ƌĂƚŝŶŐ
/ĚĞŶƚŝĨǇŬĞǇƐǇƐƚĞŵƐ ?ůĞǀĞů
ĨƵŶĐƚŝŽŶĂůƌĞƋƵŝƌĞŵĞŶƚƐ
ĚƵƌŝŶŐĨĂƵůƚ
ŽǁŶƐĞůĞĐƚŝŽŶƉƌŽĐĞƐƐƚŽ
ŝĚĞŶƚŝĨǇƉƌŝŽƌŝƚǇƐǇƐƚĞŵƐ
ůĞǀĞůƌĞƋƵŝƌĞŵĞŶƚ
^ĞůĞĐƚŝŽŶŽĨ&DƐǇƐƚĞŵ
ƉƌŝŽƌŝƚǇŐŽĂů ?Ɛ ?ƚŽƐĂƚŝƐĨǇ
ƐǇƐƚĞŵůĞǀĞůƌĞƋƵŝƌĞŵĞŶƚ
ŽŶĨůŝĐƚ ƌĞƐŽůƵƚŝŽŶŽĨ
ŽƉƉŽƐŝŶŐĨƵŶĐƚŝŽŶĂůŝƚǇ
ƌĞƋƵŝƌĞŵĞŶƚƐ
ƌĐŚŝƚĞĐƚƵƌĞƐŽůƵƚŝŽŶƐ
 ?ŽƵƚĐŽŵĞƐ ĂƌĞĨĞĚ
ďĂĐŬŝŶƚŽƚŚĞŝŶŝƚŝĂů
ƐƚĂŐĞƐŽĨƚŚĞ
ĨƌĂŵĞǁŽƌŬ ?ƚŚĞ
ĚĞƐŝŐŶƉƌŽĐĞƐƐ ŝƐ
ƌĞŝƚĞƌĂƚĞĚ ?
ǆƚĞƌŶĂůĨĂĐƚŽƌƐ
WƌĞ ?ĚĞĨŝŶĞĚ
ĂƌĐŚŝƚĞĐƚƵƌĞ
ƉƌĞĨĞƌĞŶĐĞ
WůĂƚĨŽƌŵůĞǀĞůƌĞƋƵŝƌĞŵĞŶƚƐ ?ĂƐƉĞĐƚƐ
ŽĨĂŝƌĐƌĂĨƚĐŽŶĐĞƉƚ ǁŚŝĐŚŝŵƉĂĐƚŽŶ
ĨĂƵůƚŵĂŶĂŐĞŵĞŶƚĚĞƐŝŐŶ
ĞƚĂŝůĞĚ&DĚĞƐŝŐŶŝŶĐůƵĚŝŶŐ
ŝĚĞŶƚŝĨŝĐĂƚŝŽŶŽĨƉƌŽƚĞĐƚŝŽŶŽƉĞƌĂƚŝŽŶ
ƚŚƌĞƐŚŽůĚƐ ?ƐĐŚĞŵĞƐ
ŽǁŶƐĞůĞĐƚŝŽŶŽĨ&D^
WƌŽĐĞƐƐ ŽĨǁĞŝŐŚƚŝŶŐĚĞĨŝŶĞĚƉůĂƚĨŽƌŵůĞǀĞůƌĞƋƵŝƌĞŵĞŶƚƐ
ŝŶƚĞƌŵƐŽĨŝŵƉĂĐƚŽŶĚĞƐŝƌĞĚƐǇƐƚĞŵĨƵŶĐƚŝŽŶĂůŝƚǇ
/ĚĞŶƚŝĨǇĨĞĂƐŝďůĞƌĞŐŝŽŶĐŽŶƚĂŝŶŝŶŐ
ƚĞĐŚŶŽůŽŐǇƐŽůƵƚŝŽŶƐďŽƵŶĚĞĚ ďǇ
ƉƌŽƚĞĐƚŝŽŶƐǇƐƚĞŵĐŽŶƐƚƌĂŝŶƚƐ
ŽŵďŝŶĞ ĐŽŵƉůĞŵĞŶƚĂƌǇ
ŽƌŝŶƚĞƌĚĞƉĞŶĚĞŶƚ&D
ĂĐƚŝŽŶƐŝŶƚŽĐůƵƐƚĞƌƐ
ƐƐĞƐƐŵĞŶƚŽĨ ĂƐƐƵŵƉƚŝŽŶƐ
ĂŶĚƌŝƐŬƐĂƐƐŽĐŝĂƚĞĚǁŝƚŚ
ĐŚŽƐĞŶ &DŐŽĂů ?Ɛ ?
ƐƐĞƐƐŵĞŶƚĂŶĚƐĞŶƐŝƚŝǀŝƚǇƐƚƵĚǇŽĨƌŝƐŬƐĂŶĚĂƐƐƵŵƉƚŝŽŶƐŝŶƐĞůĞĐƚŝŽŶŽĨǀŝĂďůĞ&DĚĞǀŝĐĞƐĂŶĚĂĐƚŝŽŶƐ
WƌŝŽƌŝƚǇƌĂŶŬŝŶŐŽĨ&D
ĂĐƚŝŽŶƐ ?ĐůƵƐƚĞƌƐƐƉĞĐŝĨŝĐ
ƚŽĚŝĨĨĞƌĞŶƚĂƌĞĂƐŽĨƚŚĞ
ŶĞƚǁŽƌŬ
ĞĨŝŶĞƉůĂƚĨŽƌŵůĞǀĞů
ƌĞƋƵŝƌĞŵĞŶƚƐ
ƐƐĞƐƐŵĞŶƚĂŶĚƐĞŶƐŝƚŝǀŝƚǇ
ƐƚƵĚǇŽĨĂƐƐƵŵƉƚŝŽŶƐ ĂŶĚƌŝƐŬƐ
ĂƐƐŽĐŝĂƚĞĚǁŝƚŚƉůĂƚĨŽƌŵůĞǀĞů
ƌĞƋƵŝƌĞŵĞŶƚƐ
&ŽĐƵƐĞĚ&DĚĞǀŝĐĞ
ƐĞĂƌĐŚĚĂƚĂďĂƐĞ
ŐĂƚŚĞƌŝŶŐ
ůůĞǆŝƐƚŝŶŐĂŶĚ
ĚĞǀĞůŽƉŵĞŶƚĂů
ƉƵďůŝĐŝǌĞĚ&D
ƚĞĐŚŶŽůŽŐŝĞƐĂŶĚ
ĚĞǀŝĐĞƐƌĞůĞǀĂŶƚƚŽ
ƉůĂƚĨŽƌŵůĞǀĞů
ƌĞƋƵŝƌĞŵĞŶƚƐ
ĞƚĂŝůƚŚĞ&DƐƵď ?ŐŽĂůƐ ?
ŵŽĚĞƐ ƐƉĞĐŝĨŝĐ ƚŽǀĂƌŝŽƵƐ
ůŽĐĂƚŝŽŶƐĂŶĚƉŚĂƐĞƐŽĨ
ĨůŝŐŚƚ
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WHFKQRORJLHVWRWKHUHTXLUHG75/IRUGHPRQVWUDWLRQSURGXFWLRQGHSHQGLQJRQWKHSODWIRUPDLPV7KLVLVGLVWLQFWIURPWKHSRLQW
RI(QWU\LQWR6HUYLFH(,6VLQFHWKHGHWDLOHGVSHFLILFDWLRQRIWKHHOHFWULFDOV\VWHPPXVWRFFXUZHOODKHDGRIWKHLQLWLDODLUFUDIW
EHFRPLQJDYDLODEOHRQWKHPDUNHW$QDOWHUQDWLYHPHWULFLVWKHSRLQWRI,QLWLDO2SHUDWLRQDO&DSDELOLW\,2&ZKLFKLVZKHQWKH
ILUVWDLUFUDIWRILWVNLQGZRXOGHQWHUVHUYLFH

 $LUIUDPHSURSXOVLRQLQWHJUDWLRQ
7KHDHURG\QDPLFVRIWKHDLUIUDPHVWUXFWXUHDUHOLQNHGWRWKH)0UHTXLUHPHQWVIRUWKHDLUFUDIW$NH\GULYHUIRUHOHFWULFDO
SURSXOVLRQ LV WKDW LW HQDEOHV QRYHO DLUIUDPH FRQILJXUDWLRQV DQG WKH XVH RI LPSURYHG DHURG\QDPLFV WR EULQJ HIILFLHQF\
LPSURYHPHQWVWRRYHUDOODLUFUDIWRSHUDWLRQ>@,QSDUWLFXODU%RXQGDU\/D\HU,QJHVWLRQ%/,LVH[SHFWHGWRUHGXFHDLUFUDIW
GUDJHQDEOLQJWKHDLUFUDIWWRDFKLHYHWKHVDPHDPRXQWRIWKUXVWZLWKOHVVSURSXOVLYHSRZHU+RZHYHUWKHXVHRIDQHOHFWULFDO
PRWRUWRSRZHUDSURSXOVRUIDQDVSDUWRIDQLQWHJUDWHG%/,IDQGHVLJQFUHDWHVDQHZLQWHUIDFHEHWZHHQWKHDHURG\QDPLFVRI
WKHDLUFUDIWDQGWKHHOHFWULFDOV\VWHP

 :HLJKWEXGJHW
,WLVHVVHQWLDOWRHVWDEOLVKGXULQJWKHILUVWVWDJHRIWKHIUDPHZRUNWKHDYDLODEOHZHLJKWEXGJHWIRUWKHDLUFUDIW7KHZHLJKW
EXGJHWIRUWKHDLUFUDIWZLOODOVRKDYHDQLPSDFWRQWKH)0GHVLJQ$QXPEHURIDLUFUDIWFRQFHSWVKDYHEHHQSURSRVHGZKHUH
WKHZHLJKWRIWKH)0V\VWHPLVQRWH[SOLFLWO\LQFOXGHGLQWKHWRWDOHOHFWULFDOZHLJKWEXGJHWHJ>@>@+RZHYHU)0VSHFLILF
GHYLFHVDQGFRPSRQHQWVZLWKDQ)0FDSDELOLW\ZLOOIRUPDQRQQHJOLJLEOHSURSRUWLRQRIWKHDYDLODEOHZHLJKWEXGJHW

 3HUFHQWDJHK\EULGL]DWLRQDQGGLVWULEXWLRQRISURSXOVLRQ
7KHGHJUHHRIK\EULGL]DWLRQIRUWKHDLUFUDIWDQGWKHORFDWLRQZLWKLQWKHDLUIUDPHRIWKHHOHFWULFDOSURSXOVRUVZLOODOVRLQIOXHQFH
)0GHVLJQEHFDXVHWKHVHLQIOXHQFHDVSHFWVRIWKHHOHFWULFDODUFKLWHFWXUHVXFKWKHPD[LPXPSRZHUUDWLQJRIWKHV\VWHPDQG
WKHUHTXLUHGOHQJWKRIFDEOHVEHWZHHQFRPSRQHQWV

 7KHUPDOPDQDJHPHQW
7KHUPDOPDQDJHPHQWLVDNH\DVSHFWRIV\VWHPGHVLJQIRUERWKVXSHUFRQGXFWLQJDQGFRQYHQWLRQDODLUFUDIWV\VWHPV$Q\
ORVVHVLQHOHFWULFDOFRPSRQHQWVLQFOXGLQJ)0GHYLFHVZLOOFUHDWHDWKHUPDOORDGZKLFKZLOOQHHGWREHVDIHO\DQGHIIHFWLYHO\
GLVVLSDWHG

 $LUFUDIWW\SHDQG3$;
7KHVL]HRIDQDLUFUDIWZLOOLQIOXHQFHWKHGHVLJQRI)0VROXWLRQV,QGHHGWKHVHJPHQWRIWKHPDUNHWIRUZKLFKWKHDLUFUDIWLV
LQWHQGHGLVRIWHQOLQNHGWRWKHGHYHORSPHQWDOWLPHIUDPH

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 3URSXOVLRQSRZHUUDWLQJ
7KHFKRLFHRI)0WHFKQRORJ\PXVWPDWFKWKHSRZHUDQGE\LPSOLFDWLRQYROWDJHUHTXLUHPHQWVRIWKHHOHFWULFDODUFKLWHFWXUH
ZKLFKZLOOEHGHWHUPLQHGE\WKHUHTXLUHGSRZHURXWSXWRIWKHSURSXOVRUPRWRUV7KHVHHOHFWULFDOSRZHUUHTXLUHPHQWVDOVRKDYH
LPSOLFDWLRQVIRUWKHQXPEHURISRZHUFKDQQHOVUHTXLUHGDVWKHWRWDOUHTXLUHGSRZHUIORZFRXOGEHVSOLWLQWRPXOWLSOHFKDQQHOV
WRDFFRPPRGDWHOLPLWDWLRQVLQWKHUDWLQJRIGHYLFHVDQGUHDOL]HV\VWHPUHGXQGDQF\LQWXUQIRUPLQJSDUWRIWKH)0DSSURDFK

 3UHGHILQHGDUFKLWHFWXUHSUHIHUHQFH
,IWKHUHLVDOHJDF\SUHIHUUHGVROXWLRQUHVXOWLQJIURP,3SURWHFWLRQRUIURPDZLGHUFRPPHUFLDOPRWLYHWKHQLGHQWLI\LQJWKH
VFRSHRIWKLV3/5LQWKHLQLWLDOVWDJHVRIWKHSURFHVVPHDQVWKDWLWLVSRVVLEOHWRUHFRUGLWVHIIHFWRQWKHGRZQVWUHDPGHVLJQ
GHFLVLRQV7KLVLVSDUWLFXODUO\HYLGHQWLQWKHFKRLFHEHWZHHQ$&DQG'&V\VWHPVDQGSRVVLEO\LQWKHYDULRXVORFDWLRQVRIWKH
GLVWULEXWHGSURSXOVLRQ

 &XVWRPHURSHUDWLRQDODQGVDIHW\UHTXLUHPHQWV
7KH FXVWRPHU UHTXLUHPHQWV UHODWHG WR DLUSRUW ORJLVWLFV DQG JRYHUQPHQW DQG LQWHUQDWLRQDO VDIHW\ UHJXODWLRQV SURYLGH WKH
EDVHOLQHVDIHW\OHYHOIRUWKHDLUFUDIW>@ZKLFKWKHQKHOSVIRUPXODWHWKH3/5VIRUWKH)0V\VWHP7KHUHPD\DOVREHYDULRXV
FXVWRPHUUHTXLUHPHQWVZKLFKZLOOGLUHFWO\LPSDFWRQWKHHOHFWULFDOV\VWHPGHVLJQIRUH[DPSOHZKHUHWKHVDIHW\RUUHTXLUHG
WUDLQLQJIRUPDLQWHQDQFHSHUVRQQHOZRUNLQJRQWKHDLUFUDIWZRXOGGLFWDWHWKDWSDUWLFXODUYROWDJHOHYHOVDUHXQGHVLUDEOHRUUHTXLUH
VSHFLDOVDIHW\PHDVXUHVDVLVWKHFDVHLQPDULQHYHVVHOV>@2SHUDWLRQDOUHTXLUHPHQWVZLOOQHHGWREHFRQVLGHUHGWKURXJKRXW
WKHHQWLUHIOLJKWF\FOHVLQFHGLIIHUHQWSRLQWVLQWKHF\FOHZLOOFRUUHVSRQGWRGLIIHUHQWIDLOXUHPRGHVDQGUHTXLUHPHQWV7KLVZLOO
LPSDFWRQWKHGHWDLOHG)0GHVLJQ³3KDVH´LQ)LJXUHDQGRQWKHFULWLFDOFRUQHUSRLQWVLQWKHGHVLJQ

 :HLJKWLQJRISODWIRUPOHYHOUHTXLUHPHQWV
&ODVVLILFDWLRQ RI WKH LPSDFW UDWLQJ RI 3/5V FDSWXUHV WKH VHQVLWLYLW\ RI WKH HOHFWULFDO GHVLJQ WR FKDQJHV LQ WKH DLUFUDIW
FRQFHSWXDOGHVLJQ+HQFHRQFHDOO3/5VKDYHEHHQLGHQWLILHGWKH\DUHZHLJKWHGDFFRUGLQJWRWKHOHYHORIGLUHFWLPSDFWHDFK
UHTXLUHPHQWZLOOKDYHRQWKHVHOHFWLRQRIWKH)0V\VWHPJRDO,QGRLQJVRWKHHQVXLQJGRZQVHOHFWLRQSURFHVVRINH\V\VWHPV
OHYHOUHTXLUHPHQWVLVVLPSOLILHG7KHZHLJKWLQJRIWKH3/5VLVDOVRXVHGODWHULQWKHIUDPHZRUNWRGHWHUPLQHSULRULW\WHFKQRORJ\
FRQVWUDLQWV VHH 6HFWLRQ ,9' 7KH LQLWLDO ZHLJKWLQJ RI WKH 3/5V LV EDVHG RQ HQJLQHHULQJ MXGJHPHQW EXW WKLV ZRXOG EH
VWDQGDUGL]HGWKURXJKUHSHDWHGUXQVRIPXOWLSOHFRQFHSWVWKURXJKWKHIUDPHZRUN
)RUWKHFDVHVWXG\SUHVHQWHGDJUHDWHUZHLJKWLQJLVDUELWUDULO\DVVLJQHGWRWKHORFDWLRQDQGGHJUHHRIK\EULGL]DWLRQZHLJKW
EXGJHWDQGWKHGHYHORSPHQWDOWLPHIUDPH7KHVHDUHKLJKOLJKWHGLQEROGLQ7DEOH

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 $VVXPSWLRQVDQGULVNV
7KHULVNVDVVRFLDWHGZLWKDVVHUWLQJDQ\SDUWLFXODUDVVXPSWLRQDQGWKHUHVWULFWLRQWKLVPD\SODFHRQWKHRSWLRQVSUHVHQWHG
IXUWKHUGRZQWKHGHVLJQSURFHVVPXVWEHUHFRJQL]HG+RZHYHUPRVWDVVXPSWLRQVDUHOLNHO\WRUHODWHWRXQNQRZQVLQWKHGHVLJQ
ZKLFKUHTXLUHVRPHH[WUDSRODWLRQRIDYDLODEOHNQRZOHGJHRUGDWD7KLVOHDGVWRWKHNH\ULVNWKDWWKHFKRVHQ)0RSWLRQLVD
VROXWLRQZKLFKLVLQIHDVLEOHRUXQFRPSHWLWLYH7KXVDIWHUGHILQLQJWKH3/5DQGWKHQDIWHUODWHUVWDJHVLQWKHIUDPHZRUN³3KDVH
´³D´³E´LQ)LJXUHVHQVLWLYLW\VWXGLHVDUHSURSRVHGLQRUGHUWRLGHQWLI\DQGDVVHVVWKHDVVXPSWLRQVDQGULVNVDVVRFLDWHG
ZLWKDQ\GHVLJQGHFLVLRQVWKDWKDYHEHHQPDGH
)RUWKHFDVHVWXG\SUHVHQWHGWKHULVNVDVVRFLDWHGZLWKWKHKLJKLPSDFW3/5VDUHOLVWHGLQ7DEOH
% )DXOWPDQDJHPHQWV\VWHPJRDO³3KDVH´)LJ
,QDQ\DLUFUDIWHOHFWULFDOSRZHUV\VWHPWKHUHDUHPDQ\SRVVLEOHUHVSRQVHVWRWKHGHWHFWLRQRIDIDXOW$VWUDWHJLF)0UHVSRQVH
LVQHHGHGWRHQVXUHVDIHW\RIIOLJKWDQGWRVDWLVI\WKH3/5V

 6\VWHPOHYHOIXQFWLRQDOUHTXLUHPHQWV
7RXOWLPDWHO\GHWHUPLQHWKHVWUDWHJLF)0UHVSRQVHIRUDJLYHQDLUFUDIWWKHGHVLUHGV\VWHPIXQFWLRQDOLWLHVILUVWKDYHWREH
LGHQWLILHG 6LQFH WKHUH PD\ EH FRQIOLFWLQJ V\VWHP IXQFWLRQDOLWLHV ZKLFK FDQQRW EH IXOILOOHG VLPXOWDQHRXVO\ WKH V\VWHP
IXQFWLRQDOLWLHVDUHUDQNHGLQWHUPVRISULRULW\7KHPRVWLPSRUWDQWV\VWHPIXQFWLRQDOLW\FDQWKHQEHGRZQVHOHFWHG
%\XVLQJ WKHGHVLUHG UHVSRQVHRI WKHHOHFWULFDO V\VWHPGXULQJD IDXOW WRGHWHUPLQH WKH)0JRDORQO\ WKHQHFHVVDU\)0
IXQFWLRQVDUHLQFOXGHGLQWKHGHVLJQ7KLVOHDGVWRDVROXWLRQZKLFKLVGLUHFWO\GULYHQE\WKHFULWLFDO)0UHTXLUHPHQWV+HQFH
WKHSURSRVHGIUDPHZRUNSUHVHQWVDQLPSRUWDQWLPSURYHPHQWRQH[LVWLQJPHWKRGRORJLHV
)RUWKHFDVHVWXG\SUHVHQWHGWKHIXQFWLRQDOUHTXLUHPHQWVDUHGULYHQE\WKHQHHGWRGHOLYHUSRZHUWRWKHIDQUHOLDEO\ZLWKWKH
WHFKQRORJ\DQGDUFKLWHFWXUHVZKLFKDUHDFWXDOO\YLDEOHIRUDSUHWLPHIUDPH7KHVHDUHOLVWHGEHORZUDQNHGLQWHUPVRI
SULRULW\
 (QVXUHVXIILFLHQWSRZHULVVXSSOLHGWRNH\HOHFWULFDOORDGVPDLQWDLQLQJIOLJKWVWDELOLW\
 (QVXUHWKHLQWHJULW\DQGFRQWLQXHGFDSDELOLW\RIWKHHOHFWULFDOV\VWHP
 (QVXUHWKDW%/,SURSXOVLRQLVPDLQWDLQHG
 0LQLPL]HWKHWKHUPDOORDGVDQGH[FHVVLYHPHFKDQLFDOORDGLQJRIWKH%/,IDQ

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 6HOHFWLRQRI)0V\VWHPSULRULW\JRDO
$IWHUGHWHUPLQLQJWKHSULRULW\IXQFWLRQDOUHTXLUHPHQWWKH)0VSHFLILFSULRULW\JRDOUHTXLUHGWRVDWLVI\WKLVUHTXLUHPHQWFDQ
WKHQEHGHULYHG
)RUWKHFDVHVWXG\SUHVHQWHGWKHSULRULW\JRDOIRUWKH)0V\VWHPLV³PDLQWDLQPLQLPXPSRZHUIORZWRWKHUHDUIDQZKHQDQ
HOHFWULFDOIDXOWRFFXUVXSVWUHDPIURPWKHIDQ´

 )0VXEJRDOV
7KHFULWLFDOLW\ RI WKH HOHFWULFDO SURSXOVLRQ V\VWHP PD\ DOWHURYHU IOLJKW HVSHFLDOO\ ZKHUH WKHSHUFHQWDJHRI WRWDO WKUXVW
FRPLQJIURPWKHHOHFWULFDOV\VWHPYDULHV+HQFHZLWKLQWKH)0V\VWHPJRDOWKHUHDUHRSHUDWLQJPRGHVDQGVXEJRDOVZKLFK
FDQEHGHILQHGIRUERWKFULWLFDOVXFKDVWDNHRIIDQGQRQFULWLFDOVWDJHVRIIOLJKWVXFKDVWD[L$QH[DPSOHOLVWRI)0PRGHV
DQGVXEJRDOVDUHGHVFULEHGLQ7DEOH)RUWKHFDVHVWXG\SUHVHQWHGWKHVHOHFWHG)0VXEJRDOVDUHVKRZQODWHUDVDIXQFWLRQ
RIIOLJKWSKDVHLQ7DEOHFRPSOHPHQWHGE\VXEVHTXHQWIUDPHZRUNRXWSXWV

 $VVXPSWLRQVDQGULVNV
7KHILQDOVWDJHRI)0JRDOVHWWLQJLVWRXQGHUWDNHDILQDOFKHFNRIWKHYDOLGLW\RIDVVXPSWLRQVPDGHDQGHYDOXDWHWKHULVNRI
LQFRUUHFWDVVXPSWLRQV)RUSDUWLFXODUO\KLJKULVNDVVXPSWLRQVZKHUHYDOLGLW\LVQRWVXIILFLHQWO\DVVXUHGIXUWKHULQYHVWLJDWLYH
ZRUNLVUHTXLUHGWRSURJUHVVWKURXJKWKHIUDPHZRUN
)RUWKHFDVHVWXG\SUHVHQWHGDQXPEHURIUHTXLUHPHQWVDUHLPSOLFLWLQWKHUHDOL]DWLRQRIWKH)0V\VWHPJRDOVXFKDVWKH
UHTXLUHPHQWWKDWWKH)0UHVSRQVHVKRXOGQRWFDXVHIDXOWSURSDJDWLRQRUFDVFDGHGIDXOWV+RZHYHUERWKOLPLWDWLRQVRQWKH)0
V\VWHPJRDODQGVXEJRDOVVSHFLILFWRORFDWLRQVRQWKHQHWZRUNZRXOGEHGHWHUPLQHGLQODWHULWHUDWLRQVRIWKHIUDPHZRUNIRU
WKLVSDUWLFXODUFDVHDVWKH)06DQGDUFKLWHFWXUHLVQRW\HWNQRZQ
& )DXOWPDQDJHPHQWDFWLRQV³3KDVHD´)LJ
)ROORZLQJWKHHVWDEOLVKPHQWRIWKHGHVLUHG)0SULRULW\DQGVXEJRDOV)0DFWLRQVZKLFKDUHWKHSRWHQWLDOPHDQVRIUHDOL]LQJ
WKHVH)0JRDOVFDQWKHQEHGHILQHG)0DFWLRQVLQFOXGHERWKFRQYHQWLRQDOHOHFWULFDOSURWHFWLRQPHFKDQLVPV³FRQYHQWLRQDO
)0DFWLRQV´DQGDUFKLWHFWXUHFKRLFHV³V\VWHPRYHUUDWLQJ´H[DPSOHVRIZKLFKDUHVKRZQLQ7DEOH
7$%/(3266,%/()002'(6*2$/6$1'7+($662&,$7('5,6.6$1'
$668037,216
3RVVLEOH)00RGHV 3RVVLEOH)06XEJRDOV
3UHHPSWIDXOW 5HFRQILJXUHLQFUHDVHSRZHUDYDLODELOLW\
5HFRQILJXUHSRZHUIORZ
'HHQHUJL]HFRPSOHWHQHWZRUNRU]RQH
1RFKDQJH	PRQLWRU
IDXOW
0DLQWDLQSRZHUIORZDQGDUFKLWHFWXUH
5HDFWWRIDXOW 5HFRQILJXUHSRZHUIORZ
5HFRQILJXUHLQFUHDVHSRZHUDYDLODELOLW\
0DLQWDLQHOHFWULFDOSRZHUIORZDUFKLWHFWXUH
5HPRYHIDXOWHGVHFWLRQIURPQHWZRUN
'HHQHUJL]HFRPSOHWHQHWZRUNRU]RQH
0DLQWDLQSRZHUDYDLODELOLW\

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)RUWKHFDVHVWXG\SUHVHQWHG WKHH[DPSOHOLVW LQ7DEOHLVIXUWKHUH[SDQGHGLQ)LJXUHZKLFKDOVRFDSWXUHVFDQGLGDWH
WHFKQRORJLHVDVSDUWRI³FRQYHQWLRQDO)0DFWLRQV´DQGWKHLUFRQILGHQFHOHYHOVDOLJQHGZLWKWKHKHDYLHVWZHLJKWHG3/5V7KH
FOXVWHULQJDSSURDFKLOOXVWUDWHGLVXWLOL]HGWRIDFLOLWDWHWKHSURFHVVRIPDWFKLQJDFWLRQVDQGWHFKQRORJLHVWRIRUPDYLDEOH)06
7KLVDGGVYDOXHWRWKHIUDPHZRUNDVLWVXFFLQFWO\LGHQWLILHVFRPSRQHQWVFDSDEOHRILPSOHPHQWLQJPXOWLSOH)0DFWLRQVDVZHOO
DVFRPELQDWLRQVRI)0DFWLRQVIRUZKLFKQRVROXWLRQFXUUHQWO\H[LVWV$OWKRXJKWKHPHDQVRI³V\VWHPRYHUUDWLQJ´LGHQWLILHG
DUHREYLRXVWKHIUDPHZRUNFDSWXUHVWKHZD\VLQZKLFKWKHVHZRXOGEHXVHGHIIHFWLYHO\LQFRPELQDWLRQZLWKRWKHU)0DFWLRQV
WRIRUPXODWHDVWUDWHJLFIDXOWUHVSRQVHUDWKHUWKDQVLPSO\LQFOXGLQJDQHOHPHQWRIUHGXQGDQF\LQWKHHOHFWULFDODUFKLWHFWXUH
$GGLWLRQDOO\WKHXVHRIDOWHUQDWLYHHOHFWULFDORUHQJLQHSURSXOVLRQKDVQRWEHHQLQFOXGHGLQWKHOLVWRISRVVLEOH)0DFWLRQV
VLQFHWKH3/5VIRUWKLVFDVHVWXG\VWDWHWKDWWKHUHLVRQO\RQHVLQJOHSURSXOVRUIDQDQGDQDVVXPSWLRQKDVEHHQPDGHWKDWWKH
HQJLQHVFDQQRWFRPSHQVDWHIRUORVVRIHOHFWULFDOSURSXOVLRQ
' )DXOWPDQDJHPHQWWHFKQRORJ\³3KDVHE´)LJ
7KHQH[WVWDJHRIWKH)0IUDPHZRUNLVWKHLGHQWLILFDWLRQRIWKHDYDLODEOHDQGSUHIHUUHG)0WHFKQRORJLHV%HIRUHVFRSLQJ
WKHODQGVFDSHRIYDULRXVSURWHFWLRQGHYLFHVWDUJHW)0WHFKQRORJLHVDUHLGHQWLILHG7KLVLVEHFDXVHRXWSXWVIURPHDUOLHUVWDJHV
LQWKHIUDPHZRUNHJDLUFUDIW3/5VFDQLGHQWLI\VSHFLILFDVSHFWVRIGHVLJQHJSUHIHUHQFHIRUD'&V\VWHPZKLFKDUHUHOHYDQW
WRWKHFKRLFHRISURWHFWLRQWHFKQRORJLHV$WDUJHWHGDSSURDFKWRVHOHFWLQJSURWHFWLRQWHFKQRORJLHVLVYDOXDEOHDVLWUHGXFHVWKH
VROXWLRQVSDFHHDUO\LQWKHGHVLJQSURFHVV
7KHSURFHVVRIHVWDEOLVKLQJDEDVHOLQHGDWDEDVHVHOHFWLQJWDUJHWWHFKQRORJLHVLGHQWLI\LQJDQGTXDQWLI\LQJDVIDUDVSRVVLEOH
WKHFRQVWUDLQWVRQWKHFKRLFHRIWHFKQRORJ\PDSSLQJWKHLQWHUGHSHQGHQF\RIFRQVWUDLQWVSULRULWL]LQJWKHFRQVWUDLQWVRQWKH
GHVLJQSURFHVVKDVDOUHDG\EHHQHVWDEOLVKHGDQGLVGHVFULEHGLQ>@%\FRQVLGHULQJWKHNH\FRQVWUDLQWVGHYLFHVZKLFKDUHQRW
ZLWKLQWKHIHDVLEOHUHJLRQFDQEHHOLPLQDWHGDQGRQO\YLDEOH)0WHFKQRORJLHVFDQWKHQEHXVHGWRIRUP)06LQWKHQH[WVWDJH
RIWKHIUDPHZRUN
7RGHWHUPLQHLIGHYLFHVZKLFKGRQRW\HWH[LVWIRUDQDLUFUDIWDSSOLFDWLRQPD\GHYHORSVXIILFLHQWO\WRHQWHUWKHIHDVLEOHUHJLRQ
LQWKHIXWXUHRUIRUZKHUHWKH,2&GDWHLVYHU\IDULQWKHIXWXUHDSURFHVVRIKHDWPDSSLQJLVDSSOLHG7KLVQRYHODVSHFWRIWKH
IUDPHZRUNLQYROYHVGHWHUPLQLQJDFRQILGHQFHOHYHO³/RZ´³0HGLXP´RU³+LJK´IRULQGLYLGXDOWHFKQRORJLHVEDVHGRQWKHLU
FXUUHQW75/>@DQG,5/>@DQGWKHQH[WUDSRODWLQJWRWKHSRLQWRI,2&WRHVWLPDWHWKHOHYHORIGHYHORSPHQWWKDWZLOOKDYH
EHHQDFKLHYHG7KLVUDWLQJFDQWKHQEHXSGDWHGDVFRQVWUDLQWVVKLIWRYHUWKHGHYHORSPHQWDOWLPHIUDPH
7$%/()0$&7,216
6\VWHP2YHUUDWLQJ &RQYHQWLRQDO)0$FWLRQV
5HGXQGDQWFRPSRQHQWV
)DXOWWROHUDQWFRPSRQHQWV
0XOWLSOHSRZHUIORZFKDQQHOV
$GGLWLRQDORUDOWHUQDWLYHSRZHU
VRXUFHV
$GGLWLRQDORUDOWHUQDWLYH
SURSXOVLRQVRXUFHV
)DXOWFXUUHQWLQWHUUXSWLRQ
GLYHUVLRQ
/LPLWDWLRQRILPSDFWRIIDXOW
FXUUHQWHQHUJ\
3K\VLFDOLVRODWLRQRIIDXOWHG
QHWZRUN
)DXOWGHWHFWLRQGLDJQRVLVDQG
ORFDWLQJ

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7KHKHDWPDSSLQJFDQDOVREHDSSOLHGODWHULQWKHSURFHVVWRWKHUDQJHRI)06RSWLRQVWRGHWHUPLQHWKHYLDELOLW\FRQILGHQFH
RIWKHFRPELQHGHIIHFWRIGLIIHUHQW)0WHFKQRORJLHV7KHFRQILGHQFHOHYHORIDQXPEHURIGLIIHUHQWFRPSRQHQWVRUDUFKLWHFWXUH
IHDWXUHVLVOLPLWHGE\WKHORZHVWLQGLYLGXDOFRQILGHQFHOHYHOLQWKHFOXVWHU7KHPDWXULW\RIDSDUWLFXODUFRPELQDWLRQRIGHYLFHV
IRUXVHRQDQDLUFUDIWZLOODOVRLPSDFWWKHFRPELQHGFRQILGHQFHUDWLQJDVZLOOWKHGHSHQGHQF\RIWKHFRPSRQHQWVRQHDFKRWKHU
IRUIXWXUHGHYHORSPHQWRIWHFKQRORJLHVRUVXEV\VWHPV,WLVSRVVLEOHWKDWWKHFRPELQHGHIIHFWRIDQXPEHURIFRPSRQHQWVOHDGV
WRDEHWWHUFRQILGHQFHOHYHORYHUDOOZKHUHDSDUWLFXODUVROXWLRQLVPRUHUREXVWGXHWRLQFUHDVHGUHGXQGDQF\RULIFRPSRQHQWV
FRPSHQVDWHIRUHDFKRWKHULQWKHFDVHRIIDLOHGRSHUDWLRQ
6LQFHWKLVSURFHVVLVEDVHGRQHVWLPDWLQJIXWXUHGHYHORSPHQWDQGWUHQGVIURPWKHFXUUHQWVWDWXVRIWKH)0GHYLFHVLW LV
LPSHUDWLYHWKDWWKHEHVWDYDLODEOHSXEOLFL]HGGDWDLVFRQVWDQWO\DGGHGWRWKH)0GDWDEDVHVRWKDWXQGHUVWDQGLQJRIWKHFXUUHQW
)0 WHFKQRORJ\ ODQGVFDSH LV PDLQWDLQHG DQG DQ DSSURSULDWH EDVLV IRU KHDW PDSSLQJ LV DFKLHYHG 7KLV DOVR ZRXOG HQDEOH
LGHQWLILFDWLRQRIWHFKQRORJ\JDSVDQGWKHLUGHYHORSPHQWSULRULW\
)RUWKHFDVHVWXG\SUHVHQWHGWKH)0WHFKQRORJLHVZKLFKDUHUHOHYDQWWRWKH3/5VGHILQHGLQ7DEOHDUHVKRZQLQ7DEOH
EDVHGRQGDWDSUHVHQWHGLQ>@,WLVDVVXPHGWKDWIURPWKHUDQJHRIFRQVWUDLQWVGLVFXVVHGLQ>@WKHPRVWLPSRUWDQWFRQVWUDLQWV
DUHZHLJKWVSHHGRI6)5HIILFLHQF\DQGFHUWLILFDWLRQDQGWKHVHDUHLGHQWLILHGDQGPDSSHGLQ)LJXUH1RWHWKDWIXVHVDQG
S\UREDVHGVZLWFKHVZHUHQRWFRQVLGHUHGKHUHDVWKHLUQRQUHVHWWDEOHQDWXUHGRHVQRWIDFLOLWDWHWKHLUXVHDVDIXOO\FRQWUROODEOH
GHYLFH+RZHYHUWKHVHWHFKQRORJLHVPD\VWLOOEHHPSOR\HGWRSURYLGHEDFNXSSURWHFWLRQIXQFWLRQDOLW\
)URP)LJXUHLWLVFOHDUWKDWWKHZHLJKWRIWKH)0V\VWHPLVOLQNHGWRERWKWKHVSHHGRIWKH)0UHVSRQVHDQGHIILFLHQF\
DQGLVLQLWVHOIDVLJQLILFDQWDLUFUDIWGHVLJQFRQVWUDLQW7KHUHIRUH)0V\VWHPZHLJKWLVFKRVHQDVWKHSULRULW\FRQVWUDLQWRU0RVW
,PSRUWDQW &RQVWUDLQW 0,& IRU WKH LQLWLDO LWHUDWLRQ RI WKH IUDPHZRUN FDVH VWXG\ 7KH FRQILGHQFH OHYHO IRU HDFK GHYLFH
FRQVLGHUHGLQWKHFDVHVWXG\LVJLYHQLQ7DEOHDQGWKHFULWHULDZKLFKZHUHXVHGWRGHWHUPLQHWKHFRQILGHQFHOHYHORIGHYLFHV
DUHVKRZQLQ)LJXUH&RQILGHQFHOHYHOVIRUIXWXUHDLUFUDIWVZLWFKJHDUWHFKQRORJLHVDUHSDUWLFXODUO\GLIILFXOWWRDVFHUWDLQDV
WKHUHLVDOLPLWHGUDQJHRISXEOLFL]HGUHVHDUFKWDUJHWVIRUWKHVHGHYLFHVZLWKLQDQ(3$>@6RZLWKDODFNRIFRQVHQVXVRQWKH
URDGPDS IRU FLUFXLW EUHDNHU WHFKQRORJ\ WKHUH LV QR PHWULF DJDLQVW ZKLFK WR DVVHVV WKH FRQILGHQFH OHYHO RI WKHVH GHYLFHV
)XUWKHUPRUHWKHDXWKRUVDUJXHWKDWWKHUHDUHVRPHWHFKQRORJLHVVXFKDVFLUFXLWEUHDNHUVZKLFKPD\VLPSO\EHQHFHVVDU\HYHQ
)LJXUH)DFWRUVGHWHUPLQLQJWKHFRQILGHQFHOHYHORI)0WHFKQRORJLHV
IRUXVHZLWKLQDIXWXUH(3$)06
&RQILGHQFH
/HYHO75/ DQGVSHFLILFDWLRQV RI EHVWDYDLODEOH GHYLFHV
&KDOOHQJHV RI
WUDQVIHUULQJ
WHFKQRORJ\ IURP
FXUUHQW DSSOLFDWLRQ
DUHDV WR(3$
,5/DQGLQWHJUDWLRQ
FKDOOHQJHV
DVVRFLDWHG ZLWK )0
WHFKQRORJ\
,PSDFW RIDLUFUDIW
HQYLURQPHQW
DOWLWXGH YLEUDWLRQ
HWFRQWKH )0
GHYLFH
,PSRUWDQFH RIWKH
IXQFWLRQ SHUIRUPHG
E\WKH GHYLFH WRWKH
ZLGHU V\VWHP
5LVN WRWKHV\VWHPV
OHYHO GHVLJQ LI )0
WHFKQRORJ\ LV
DVVXPHG DYDLODEOH 	
VXLWDEOH IRU DLUFUDIW
/HYHO RILQGXVWU\
IRFXV RU
LGHQWLILFDWLRQ RI
GHYHORSPHQWDO
WDUJHWV IRU)0
WHFKQRORJ\
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LIWKH\DUHEXON\KHDY\VORZWRRSHUDWHRULQHIILFLHQWEHFDXVHWKH\SHUIRUPFULWLFDO)0IXQFWLRQDOLWLHV)RUWKLVUHDVRQVRPH
WHFKQRORJLHVZKLFKDUHORZFRQILGHQFHLQ7DEOHVXFKDV66&%VKDYHEHHQLQFOXGHGIRUFRQVLGHUDWLRQLQWKH)06VHOHFWLRQ
VRWKDWWKH)0V\VWHPVXEJRDOVFDQEHDFKLHYHG
)XUWKHUPRUHLQWHJUDWLQJ)0GHYLFHVLQWRDQDLUFUDIWV\VWHPPD\EHVLJQLILFDQWO\PRUHGLIILFXOWWKDQSODFLQJWKHVHZLWKLQD
WHUUHVWULDOJULGQHWZRUN7KLVLVWKHUHDVRQLQJEHKLQGWKH³/RZ´FRQILGHQFHUDWLQJRIWKHIDXOWFXUUHQWOLPLWLQJGHYLFHVDVWKH
FU\RJHQLFFRROLQJV\VWHPKDVWREHFRQVLGHUHGLQWKHZHLJKWEXGJHW$VIXVHVDUHDPDWXUHWHFKQRORJ\IRUDLUFUDIWHOHFWULFDO
V\VWHPVLWLVDVVXPHGWKDWWKHVHGHYLFHVFRXOGEHHDVLO\LQWHJUDWHGLQWRIXWXUH(3$V\VWHPVDQGVRWKHVHGHYLFHVDUHWKHRQO\
WHFKQRORJ\ZLWKD³+LJK´FRQILGHQFHOHYHODVWKH\KDYHDVLPSOHIXQFWLRQDQGPD\EHQHFHVVDU\DVDODVWUHVRUWSK\VLFDOIDXOW
LVRODWLRQPHFKDQLVPLIVZLWFKJHDURQWKHIDXOWHG]RQHVKRXOGIDLO
( ,GHQWLILFDWLRQRIYLDEOH)0VROXWLRQV³3KDVH´)LJ
,QRUGHUWRLPSOHPHQWWKHGHVLUHG)0JRDOVIRUDVSHFLILFFDVH)0WHFKQRORJLHVFRPELQHGZLWKRWKHUHQDEOLQJDVSHFWVRI
V\VWHPRYHUUDWLQJFDQEHFRPSLOHG LQWRDVHOHFWLRQRI IHDVLEOHFRPSUHKHQVLYH)06V'RZQVHOHFWLRQRIDSUHIHUUHG)06
VROXWLRQLVWKHQSHUIRUPHGWKURXJKTXDOLWDWLYHMXGJHPHQWDQGTXDQWLWDWLYHDVVHVVPHQWIRUH[DPSOHWKURXJKPRGHOOLQJDQG
VLPXODWLRQEDVHGVWXGLHV
)RUWKHFDVHVWXG\SUHVHQWHGWHFKQRORJLHVZKLFKFDQLPSOHPHQWWKHGHVLUHG)0JRDOVZHUHVHOHFWHGZLWKUHIHUHQFHWRWKH
)0DFWLRQPDSVKRZQLQ)LJXUH$GHVFULSWLRQRIWKHVHOHFWHG)06VDQGDVVRFLDWHGWHFKQRORJLHVIRUWKHFDVHVWXG\LVJLYHQ
LQ7DEOH7KHUHDUHDOVRDQXPEHURIDVVXPSWLRQVXQGHUO\LQJHDFK)06DQGWKHVHDUHQRWHGDOWKRXJKWKHPRVWFRPPRQ
DVVXPSWLRQDWWKLVVWDJHLVWKDWWKHGHYLFHVLQWKH)06DUHDYDLODEOHZLWKLQWKHGHYHORSPHQWDOWLPHIUDPH

)LJXUH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7KHFDVHVWXG\LVLQWHQGHGDVDQLOOXVWUDWLRQRIKRZWKHSURFHVVRIGHILQLQJDUDQJHRISRVVLEOH)06VDQGWKHQSHUIRUPLQJ
GRZQVHOHFWLRQRSHUDWHVDQGWKHZD\LQZKLFKERWKDYDLODELOLW\RI)0WHFKQRORJ\DQGWKH)0WHFKQRORJ\UHTXLUHPHQWVQHHG
WREHPDWFKHG7KHUHPD\EHPDQ\PRUH)06RSWLRQVHVSHFLDOO\LIORFDWLRQVSHFLILF)0VWUDWHJLHVDUHFRQVLGHUHG+RZHYHU
WKLVLVZKHUHH[SHUWLVHLVQHFHVVDU\LQWKHDSSOLFDWLRQRIWKHIUDPHZRUNLQWKDWWKHWKUHH)06RSWLRQVSUHVHQWHGKHUHZRXOG
JHQHUDOO\EHFRQVLGHUHGE\WKHDXWKRUVWREHWKHWKUHHH[DPSOHVZKLFKEHVWGHPRQVWUDWHWKHYDOXHRIWKHHDUO\VWDJHGHVLJQ
IUDPHZRUN
7KLVPHWKRGRIFRPSLOLQJDQ)06EDVHGRQGLIIHUHQWVROXWLRQV WRPHHW WKHPRVWFKDOOHQJLQJFRQVWUDLQWVPDUNVDQRYHO
DSSURDFKWRWKHDSSOLFDWLRQRI)0WR(3$V\VWHPV7KLVIUDPHZRUNDOVRRIIHUVDPRGHOIRUGHVLJQLQJDUREXVW)0ZKHUHWKH
FRPSOHWH V\VWHP DQG LQWHUDFWLRQV DUH FRQVLGHUHG WRJHWKHU ZLWK WKH UDWLRQDOH EHKLQG WKH VHOHFWLRQ DQG ORFDWLRQ RI HDFK
LQGLYLGXDO)0GHYLFH
)RUWKHFDVHVWXG\SUHVHQWHGWKHFDQGLGDWH)06VZHUHVXEMHFWHGWRDGRZQVHOHFWLRQSURFHVVWKHILQGLQJVRIZKLFKDUH
VKRZQLQ7DEOH7KHLGHDO)06LVUREXVWDQGLVDFKLHYDEOHZLWKLQWKHVHOHFWHGSULRULW\FRQVWUDLQWV:KHUHDQ)06LV³%HWWHU´
RU³:RUVH´LQUHJDUGVWRDSDUWLFXODUFRQVWUDLQWUHIHUHQFHLVPDGHWR7DEOHWRDVFHUWDLQWKHLPSDFWRIWKDWFRQVWUDLQWRQWKH
RWKHUFRQVWUDLQWVLPSRUWDQWWRWKH)0V\VWHPGHVLJQ

7$%/(7$5*(7(')0'$7$%$6(6($5&+$1'+($70$33,1*
)520'$7$%$6(RI&855(17)0'(9,&(6 )25*,9(1(,6
'HYLFH 75/RI
$YDLODEOH
'HYLFHV
&XUUHQW'HYHORSPHQW
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V
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'&
/RZ 1DYDO+9'&
7UDFWLRQV\VWHPV
/RZ
(0&%$& +LJK 7HUUHVWULDO*ULG
WUDFWLRQ
0HGLXP
(0&%'& +LJK 7HUUHVWULDO*ULG
WUDFWLRQ+9'&
/RZ
+\EULG&LUFXLW
%UHDNHU
/RZ 7HUUHVWULDO*ULG
WUDFWLRQEHLQJ
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%XV7LH 0HGLXP+LJK $LUFUDIW 0HGLXP
5HVLVWLYH +LJK 7HUUHVWULDOJULGQDYDO /RZ
6DWXUDWHG&RUH +LJK 7HUUHVWULDOJULG /RZ
6ROLG6WDWH +LJK 7HUUHVWULDOJULG /RZ
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6LQFHWKHFDVHVWXG\DLUFUDIWXWLOL]HVDVLQJOHSURSXOVLYHORDGWKH)06DWWKHORDGHQGRIWKHHOHFWULFDOQHWZRUNLVUHODWLYHO\
VWUDLJKWIRUZDUG7KHRQO\GLIIHUHQFHLQSURWHFWLRQIRU WKLV]RQHLVWKHXVHRI³6\VWHP2YHUUDWLQJ´ZLWK2SWLRQ$XWLOL]LQJ
SDUDOOHOUHGXQGDQF\DQG2SWLRQ%XVLQJLQFUHDVHGIDXOWFXUUHQWWROHUDQFHRIWKHLQYHUWHU$VWKH$&IDXOWLVRODWLRQPHFKDQLVP
DFURVVWKHWKUHH)06VLVODUJHO\WKHVDPHEDVHGRQWKHDVVXPSWLRQWKDWVXLWDEOH$&EUHDNHUVDUHDYDLODEOHZLWKWKHH[FHSWLRQ
RI$&VLGHEXVWLHVLQRSWLRQ%WKH'&)0RSHUDWLRQLVWKHEDVLVRQZKLFKWRGLIIHUHQWLDWHWKH)06RSWLRQV7KHZHLJKWVDQG
HIILFLHQFLHVRIGLIIHUHQW'&FXUUHQWLQWHUUXSWLRQGHYLFHVZHUHFRPSDUHGLQ>@ZKLFKSURYLGHVDEDVLVWRHYDOXDWHWKHUHODWLYH
ZHLJKWVVSHHGRIUHVSRQVHDQGHIILFLHQF\RIWKHFDQGLGDWH'&)0VWUDWHJLHVDVVKRZQLQ7DEOH
&HUWLILFDWLRQPD\UHTXLUHWKHUHWREHSK\VLFDOLVRODWLRQSRVVLEOHDWNH\SRLQWVRQWKHQHWZRUNLQFOXGLQJWKH'&QHWZRUN
ZKLFKLVZK\RSWLRQ$LVFRQVLGHUHGOHVVLGHDO$OVRSURWHFWLRQVHWWLQJVPD\KDYHWREHDGMXVWHGLIWKHQHWZRUNFRQILJXUDWLRQ
FKDQJHVVRLVRODWLQJFKDQQHOVUHGXFHVWKHDPRXQWRIDGDSWLYHFRQWUROUHTXLUHGLQWKHVKRUWWLPHSHULRGDYDLODEOHWRLPSOHPHQW
DQ6)5>@$Q\6)5 WKDWGHSHQGVRQ VHTXHQWLDO RSHUDWLRQ LVPRUHYXOQHUDEOH WR IDLOXUHVRI WKH)0V\VWHP LWVHOI ZKHUH
IXQFWLRQDO)0GHYLFHVDUHXQDEOHWRRSHUDWHGXHWRWKHIDLOXUHRIVRPHRWKHU)0GHYLFHRUQHWZRUNFRPSRQHQW:KLOVWVXFK
RSWLRQVDOORZDZHLJKWUHGXFWLRQZKHUHWKHUHDUHDUHGXFHGQXPEHURI'&EUHDNHUVUHTXLUHGLWLVDVVXPHGWKDWWKLVZLOOEH
XQDFFHSWDEOH IRU FHUWLILFDWLRQ SXUSRVHV GXH WR DQ H[WHQGHG WLPH SHULRG EHIRUH WKH V\VWHP LV FRPSOHWHO\ UHHQHUJL]HG RU
UHFRQILJXUHG
7$%/(3266,%/()06237,216)25&$6(678'<
)06
&KRLFH
VHH

)LJXUH
)06
VROXWLRQWR
SULRULW\
FRQVWUDLQW
.H\$FWLRQVDQG&RQILJXUDWLRQRI
3RVVLEOH)06
6HOHFWHG)0
7HFKQRORJLHV
$VVXPSWLRQV$VVRFLDWHGZLWK)06
$

1R'&
FLUFXLW
EUHDNHUV
 'HHQHUJL]HWKHHQWLUH'&
QHWZRUN
 8VHRI(66ORFDWHGWRZDUGVWKH
SURSXOVLYHPRWRUWRSURYLGHVKRUW
WHUPSRZHUVXSSO\WRPRWRU
 6HSDUDWHSRZHUFKDQQHOVIRU
UHGXQGDQF\
 'XDOIHHGFRQYHUWHUVWRPRWRU
 $&EUHDNHUVSURYLGHSK\VLFDO
LVRODWLRQRIIDXOWHG'&QHWZRUN
DQGLVRODWLRQRIPDFKLQHV
 2YHUUDWLQJRIFKDQQHOVVLQJOH
FKDQQHOFDQSURYLGHPD[LPXP
SRZHUWRORDG
$&(0EUHDNHUV

 7KHGRZQWLPHRIWKHDIIHFWHGQHWZRUNGRHVQRW
KDYHDQRWLFHDEO\GHWULPHQWDOLPSDFWRQWKH
SURSXOVLYHSRZHU
 (66ZLWKVXIILFLHQWHQHUJ\GHQVLW\FDQVXSSO\
SRZHUVXIILFLHQWO\IDVWWKURXJKWKHFRQYHUWHUWR
PDLQWDLQVHFXULW\RIVXSSO\
 2YHUUDWLQJRIGHYLFHVGRHVQRWFDXVHH[FHVVLYH
ZHLJKWSHQDOW\
 7KHFRQYHUWHUVKDYHDSRZHUGHQVLW\DFFHSWDEOH
IRUDQDLUFUDIWDSSOLFDWLRQ
 (66FDQEHVWRUHGZLWKLQWKHDLUIUDPHLQWKH
YLFLQLW\RIWKH'&EXVEDU

3RZHUHOHFWURQLF
FRQYHUWHUV
+LJKEDQGZLGWK
(66
1RQFXUUHQW
LQWHUUXSWLQJ'&
VZLWFKHV
% 1XPEHURI
'&FLUFXLW
EUHDNHUV
OLPLWHGRQ
WKHQHWZRUN
 $&DQG'&66&%VRQQHWZRUNWR
UDSLGO\LVRODWHWKHIDXOWHGQHWZRUN
 $&DQG'&EXVWLHVZLWFKHVWR
UHURXWHSRZHUEHWZHHQFKDQQHOV
 '&VZLWFKHVWRUHFRQILJXUHDQGWR
LVRODWHWKHVSHFLILFIDXOWRQFDEOHV
 &RQYHUWHUVVZLWFKLQJFDSDELOLW\
IRUEDFNXS
 ,QFUHDVHGIDXOWFXUUHQWWROHUDQFH
IRULQYHUWHUDVRQVLQJOHSRZHU
FKDQQHO
66&%V$&DQG
'&
 7KH66&%VIRUWKH'&QHWZRUNDUHRIDVXIILFLHQW
SRZHUGHQVLW\
 /DFNRIFXUUHQWLQWHUUXSWLRQFDSDELOLW\RQHDFKRI
WKH'&FDEOHVLVDFFHSWDEOHIRUFHUWLILFDWLRQ
VWDQGDUGV
 (66LVQRWDYDLODEOHRUXQVXLWDEOHIRUWKLV
FRQILJXUDWLRQ

1RQFXUUHQW
LQWHUUXSWLQJ'&
VZLWFKHV
3RZHUHOHFWURQLF
FRQYHUWHUV
$&DQG'&EXV
WLHVZLWFKHV
& &KRLFHRI
DQ
DOWHUQDWLYH
WHFKQRORJ\
WR66&%
ZLWK
UHGXFHG
ZHLJKW
 3DUDOOHOUHGXQGDQF\RQDOO'&
SRZHUSDWKV
 &RPSRQHQWVUDWHGWRVLQJOH
FKDQQHOOLPLWHGPD[LPXPIDXOW
FXUUHQWUDWLQJ
 =VRXUFHIDVWIDXOWLVRODWLRQ
 $&(0&%EUHDNHUVDWPDFKLQHV
RQWKH$&VLGHIRUSK\VLFDOIDXOW
LVRODWLRQ
0XOWLSOH]VRXUFH
EUHDNHUV
 'RXEOHUHGXQGDQF\RIFRPSRQHQWVGRHVQRWOHDG
WRDQH[FHVVLYHZHLJKWSHQDOW\
 =VRXUFHEUHDNHUVFDQEHFHUWLILHGIRUDLUFUDIWDQG
FDQEHGHYHORSHGZLWKVXIILFLHQWSRZHUGHQVLW\
DQGHIILFLHQF\
 (66ZLWKVXIILFLHQWHQHUJ\GHQVLW\FDQVXSSO\
SRZHUVXIILFLHQWO\IDVWWKURXJKWKHFRQYHUWHUWR
PDLQWDLQVHFXULW\RIVXSSO\
 (66FDQEHVWRUHGZLWKLQWKHDLUIUDPHLQWKH
YLFLQLW\RIWKH'&EXVEDU

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)RU WKHFDVHVWXG\DLUFUDIW LW LVSUHIHUDEOH WRPD[LPL]HHIILFLHQF\DQGDVVXFKVROLGVWDWHSURWHFWLRQGHYLFHVZLWK WKHLU
W\SLFDOO\KLJKHUFRQGXFWLRQORVVHVDUHXQGHVLUDEOH7KHUHIRUHWKHODFNRIVROLGVWDWHGHYLFHVLQRSWLRQ$LVSUHIHUHQWLDOZKHUHDV
WKHODUJHQXPEHURI=VRXUFHEUHDNHUVZKLFKXWLOL]HDVROLGVWDWHGHYLFHRQWKHQRUPDOFXUUHQWSDWKLQRSWLRQ&ZRXOGEH
SUREOHPDWLF
7KHFKRVHQ)06IRUWKLVFDVHVWXG\LQLWLDOLWHUDWLRQLVWKHUHIRUHRSWLRQ%DVLWVDWLVILHVWKH0,&ZKLOVWDOVRQRWMHRSDUGL]LQJ
WKH)0EHLQJYLDEOHZLWKLQWKHERXQGVRIWKHRWKHUSULRULW\FRQVWUDLQWV
,QIXWXUHLWHUDWLRQVDVSHFWVRIRSWLRQ$DQG&FRXOGEHFRPELQHGZLWKWKHRULJLQDOHPERGLPHQWRI)06%LQRUGHUWRPDNH
WKHIDXOWUHVSRQVHHYHQPRUHUREXVW,QSDUWLFXODUDQ(QHUJ\6WRUDJH6\VWHP(66FRXOGEHDGGHGRQWKH'&EXVEDUDQG
LQFOXGHGLQWKH)06RUDSDUDOOHOLQYHUWHUPRWRUFRPELQDWLRQFRXOGEHLQFOXGHG
) $UFKLWHFWXUHGHVLJQ³3KDVH´)LJ
$WWKLVVWDJHRIWKHSURFHVVWKH)06RSWLRQVKDYHEHHQLGHQWLILHGIRUWKHFDVHVWXG\YLDEOHHOHFWULFDODUFKLWHFWXUHVIRUWKH
DLUFUDIWFDQQRZEHGHWHUPLQHGE\XVLQJH[SHUWNQRZOHGJHWRLGHQWLI\SRVVLEOHVHQVLEOHHOHFWULFDODUFKLWHFWXUHVZKLFK
LQFOXGHDOOWKHUHTXLUHGDUFKLWHFWXUHIHDWXUHVDQG)0WHFKQRORJLHV
)URPWKHUDQJHRISRVVLEOHDUFKLWHFWXUHVIRUWKHFDVHVWXG\SUHVHQWHGRQHSRVVLEOHH[DPSOHDUFKLWHFWXUHUHODWLQJWR)06
RSWLRQ%LVVKRZQLQ)LJXUH,WVKRXOGEHQRWHGWKDWWKHUHLVRIWHQPRUHWKDQRQHPHDQVRILPSOHPHQWLQJDQ)06RQDQ
DUFKLWHFWXUHHVSHFLDOO\LQWKHILUVWLWHUDWLRQRIWKHIUDPHZRUNZKHUHORFDWLRQVSHFLILFJRDOVPD\QRW\HWEHGHILQHG7KHUHDUH
QRWDSUHGHILQHGVHWRIDUFKLWHFWXUHVZKLFKDUHVLPSO\XSGDWHGDWWKLVSRLQWEXWWKHUHPD\EHDUFKLWHFWXUHVIHDWXUHVZKLFK
KDYHEHHQGHILQHGLQHDUOLHUVWDJHVRIWKHIUDPHZRUN7KLVLVFDSWXUHGLQWKHVHFWLRQRIWKHIUDPHZRUNODEHOOHG³3UHGHILQHG
DUFKLWHFWXUHSUHIHUHQFH´LQ6HFWLRQ,9$ZKHUHDSUHIHUHQFHIRUDSDUWLFXODUDUFKLWHFWXUHW\SHRUIHDWXUHVXFKDV'&
GLVWULEXWLRQFDQEHVSHFLILHG
* 'HWDLOHGIDXOWPDQDJHPHQWGHVLJQ
2QFH WKH EDVHOLQH DUFKLWHFWXUHV KDYH EHHQ HVWDEOLVKHG IRU WKH GRZQ VHOHFWHG )06V GHWDLOHG GHVLJQ RI )0 RSHUDWLRQ
LQFOXGLQJVHWWLQJWULSWKUHVKROGVIRUWKHSURWHFWLRQGHYLFHVZRXOGEHFRPSOHWHG7KLVILQDOVWDJHKDVQRWEHHQXQGHUWDNHQIRU
WKHFDVHVWXG\SUHVHQWHGDVLWLVRXWRIVFRSHRIWKHSDSHU

)LJXUH3RVVLEOHDUFKLWHFWXUHIRU)06RSWLRQ%
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+ 5HLWHUDWLRQSURFHVV
$VQHZWHFKQRORJLHVHPHUJHRUVWDQGDUGVEHFRPHEHWWHUGHILQHGWKHGHVLJQSURFHVVFDQEHUHSHDWHG'HVLJQGHFLVLRQVDQG
RXWFRPHVIURPGHILQLQJWKH)06DUFKLWHFWXUHDQGGHWDLOHG)0GHVLJQFDQEHIHGEDFNDQGWKH3/5VFDQWKHQEHDGMXVWHGWR
ZLGHQRUQDUURZWKHVHOHFWLRQRIIHDVLEOHVROXWLRQV1XPHURXVLWHUDWLRQVZRXOGDOVRHVWDEOLVKWKHLPSDFWRIDELDVWRZDUGVD
SDUWLFXODU DUFKLWHFWXUH SDUWLFXODUO\ LI WKLV PD\ FDXVH RWKHU SRWHQWLDO VROXWLRQV WR EH RYHUORRNHG >@ $FNQRZOHGJLQJ WKH
DVVXPSWLRQVIRUHDFKGHVLJQLWHUDWLRQLVDOVRXVHIXOLQWHUPVRISODQQLQJDQGRSWLPL]LQJIXWXUHGHVLJQF\FOHV7KLVZRXOGDOORZ
DOWHUQDWLYHDVVXPSWLRQVWREHFKRVHQDQGWKHSURFHVVUHSHDWHG
9 &21&/86,216
,QFRQFOXVLRQWKLVSDSHUKDVVKRZQWKDWDQHIIHFWLYHPHWKRGRORJ\IRUWKHGHVLJQRI)0RULHQWDWHGHOHFWULFDODUFKLWHFWXUHV
IRUIXWXUH(3$LVUHTXLUHG7KHGHYHORSPHQWRI)0WHFKQRORJLHVZKLFKFDQIRUPHIIHFWLYH)06VLVDSULRULW\DQGPXVWEH
FRQGXFWHGLQSDUDOOHOZLWKWKHGHYHORSPHQWRIWKHRWKHUV\VWHPVDQGFRPSRQHQWVIRU(3$5HWURVSHFWLYHO\VFRSLQJWKHYLDEOH
)0RSWLRQVRUVHOHFWLQJDQDSSHQGDJH)0VROXWLRQZKLFKLVQRWIXOO\LQFRUSRUDWHGLQWRWKHZLGHUGHVLJQLVOLDEOHWREHLQIHDVLEOH
GXHWRDVPDOOQXPEHURIHOHFWULFDOWHFKQRORJLHVDYDLODEOHIURPZKLFKWRFRPSLOHDQ\VROXWLRQ
7KHLGHQWLILFDWLRQRIWKHJRDORIWKH)0V\VWHPXQGHUIDXOWHGFRQGLWLRQVLVDYLWDOVWDJHLQWKHIUDPHZRUNWKDWKDVQRW\HW
EHHQFRQVLGHUHGLQGHSWKLQWKHSXEOLVKHGOLWHUDWXUHIRUDQ(3$HOHFWULFDODUFKLWHFWXUH7KLVJRHVEH\RQGWKHVSHFLILFDWLRQRI
LQGLYLGXDO )0 WHFKQRORJLHV WRZDUGV LGHQWLI\LQJ )0 VROXWLRQV ZKLFK FRPELQH WKH DYDLODEOH )0 IXQFWLRQDOLW\ RI ERWK
FRPSRQHQWVDQGWKHDUFKLWHFWXUHLWVHOILQRUGHUWRSHUIRUPDGHVLUHGIDXOWUHVSRQVH7KHV\VWHPJRDOZLOOGULYHWKHUHTXLUHG
)0IXQFWLRQVDQGFKRLFHRIWHFKQRORJLHVDQGWKHUHIRUHLVFULWLFDOWRHQVXULQJWKDWRQO\GHYLFHVWKDWDUHSURYHQDVQHFHVVDU\WR
WKH ZLGHU V\VWHP GHVLJQ DUH DFWXDOO\ LQFOXGHG LQ WKH )06 7KLV IUDPHZRUN KDV DOVR FOHDUO\ LQGLFDWHG WKH LPSDFW RI WKH
DVVXPSWLRQVRQWKHFKRLFHRI)067KHEDVLFDVVXPSWLRQXQGHUSLQQLQJPDQ\RIWKHSURSRVHGDUFKLWHFWXUHVLQWKHOLWHUDWXUH
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WKDW WKHGHVLUHGHOHFWULFDO)0WHFKQRORJLHVZRXOGDFWXDOO\EHDYDLODEOHKDVEHHQDGGUHVVHGLQWKHZD\WKDWWKLVSURSRVHG
PHWKRGRORJ\HOLPLQDWHVLQIHDVLEOHVROXWLRQVHDUO\RQLQWKHGHVLJQSURFHVV
7KHLQWHUGHSHQGHQF\EHWZHHQWKHHOHFWULFDODUFKLWHFWXUHDQGKHQFHWKH)0DQGWKHDLUFUDIWFRQFHSWXDOGHVLJQKDVEHHQ
GHPRQVWUDWHGLQWKLVSDSHU,WLVFOHDUWKDWWKHHOHFWULFDODUFKLWHFWXUHFDQQRWEHGHVLJQHGLQLVRODWLRQIURPWKHDLUIUDPHDQGRWKHU
DVSHFWVRIWKHFRQFHSWXDOGHVLJQ
7KLVSDSHUKDVDOVRVKRZQWKDWWKHUHLVDQRSSRUWXQLW\WRLQQRYDWHLQWKHDSSURDFKWDNHQWRWKHHOHFWULFDODUFKLWHFWXUHGHVLJQ
(OHFWULFDODUFKLWHFWXUHVZKLFKZRXOGQRWEHFRQVLGHUHGXQGHURWKHUPHWULFVRUIRURWKHUDSSOLFDWLRQVPD\LQIDFWEHDXVHIXO
URXWHRIGHYHORSPHQWJLYHQWKHXQLTXHUDQJHRIFKDOOHQJHVZKLFKDUHDVVRFLDWHGZLWKWKHGHVLJQRIIXWXUHHOHFWULFDOSURSXOVLRQ
DLUFUDIW
9, )8785(:25.
,WLVQRWDEOHIURPWKHIUDPHZRUNFDVHVWXG\WKDWQRQHRIWKH)06VROXWLRQVIRUD(,6DUH³+LJK´FRQILGHQFHDQGWKHUH
LVRQO\DVLQJOH)0GHYLFHZKLFKLVFRQVLGHUHGWREH³+LJK´FRQILGHQFH7KHUHIRUHWKHUHLVIXUWKHUZRUNWREHGRQHWRGHYHORS
WKHUHOHYDQW)0WHFKQRORJLHVVRWKDWWKHUHLVDQDUUD\RIWHFKQRORJLHVDWKLJKFRQILGHQFHOHYHOIURPZKLFKWRFRPSLOHDUREXVW
)067KHSURFHVVRIKHDWPDSSLQJKDVDOVRGHPRQVWUDWHGWKHGLIILFXOW\LQPRQLWRULQJDQGHVWLPDWLQJWHFKQRORJ\GHYHORSPHQW
SDUWLFXODUO\ZKHUHWKHUHLVDODFNRISXEOLVKHGGDWD+HQFHWKLVDFWLYLW\ZRXOGEHQHILWIURPFROODERUDWLRQZLWKLQWKHLQGXVWU\
DQGSXEOLFDWLRQRIDQ\VWDWHRIWKHDUWGHYHORSPHQWVLQ)0GHYLFHVDQGV\VWHPRYHUUDWLQJFRQFHSWV
7KURXJKRXW WKLV SDSHU WKH DXWKRUV KDYH DUJXHG WKDW IDXOW PDQDJHPHQW QHHGV WR EH FRQVLGHUHG IURP D V\VWHPV OHYHO
SHUVSHFWLYHDQGPXVWFRQVLGHUWKHHOHFWULFDOIDXOWPDQDJHPHQWGHYLFHVWRJHWKHULQDVWUDWHJ\DQGQRWDVLQGLYLGXDOWHFKQRORJLHV
7KHUHIRUHGHYHORSPHQWDOURDGPDSVDQGWDUJHWVIRUSRWHQWLDOIDXOWPDQDJHPHQWVWUDWHJLHVLQFRUSRUDWLQJDVSHFWVRIV\VWHPV
RYHUUDWLQJDQGWKHFDSDELOLW\RI WKHLQGLYLGXDOGHYLFHVDUHUHTXLUHG7KLVZLOOIRFXVUHVHDUFKHIIRUWVDQGLGHQWLI\DQ\IDXOW
PDQDJHPHQWVWUDWHJLHVZKLFKPD\EHFKDOOHQJLQJWRLPSOHPHQWZLWKLQDJLYHQGHYHORSPHQWDOWLPHIUDPH
$V(3$FXUUHQWO\UHTXLUHVLJQLILFDQWGHYHORSPHQWEHIRUHEHFRPLQJFRPPHUFLDOO\DYDLODEOHDLUFUDIWGHPRQVWUDWRUVLQWKH
LQWHULPSHULRGZLOOEHQHFHVVDU\WRWHVWWKHLQWHJUDWLRQRIV\VWHPVDQGSURYHNH\WHFKQRORJLHV7KHVHGHPRQVWUDWRUVZLOODOVR
QHHGWRLQWHJUDWHIDXOWPDQDJHPHQWIURPWKHRXWVHWRIWKHGHVLJQSURFHVVDQGZLOOQHHGWRGHPRQVWUDWHWKHYLDELOLW\RIWKHIDXOW
PDQDJHPHQWVWUDWHJ\ZKLFKKDVEHHQDGRSWHG)XUWKHUVWXG\RIHIIHFWLYHPHWKRGRORJLHVWRLQWHJUDWH)0LQWRWKHGHVLJQRI
WKHVHWHVWGHPRQVWUDWRUVLVQHFHVVDU\7KLVZLOOHQDEOHLGHQWLILFDWLRQRIWKHGHPRQVWUDWRUVSHFLILFUHTXLUHPHQWVDQGWHFKQRORJ\
FRQVWUDLQWVWKDWZLOOVKDSHWKHYLDEOHHOHFWULFDODUFKLWHFWXUHVIRUWKHVHGHPRQVWUDWRUVHVSHFLDOO\ZKHUHWKH\DUHDWDV\VWHPV
OHYHORUODUJHUVFDOHDQGWKHUHIRUHOLPLWHGLQWKHFKRLFHRIDYDLODEOHIDXOWPDQDJHPHQWWHFKQRORJLHV
9,, $&.12:/('*(0(17
7KLVZRUNZDVFDUULHGRXWDVSDUWRIWKH5ROOV5R\FH8QLYHUVLW\7HFKQRORJ\&HQWUHSURJUDPDWWKH8QLYHUVLW\RI
6WUDWKFO\GH
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